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A PROCESS FOR SEPARATING MILK CLOTTING ENZYMES, AND STABLE 
RENNET COMPOSITIONS 

FIELD OF INVENTION 

The present invention relates to the manufacturing of milk 
5- clotting enzymes, in particular to the manufacturing of.. 

rennet con^ositions^ containing a high^ prpp^rtdon^of chymosin 
and to rennet compositions in: which the. milk clotting enzyme 
has been stabilized. 



TECHNICAL BACKGROUND AND PRIOR ART 

10 Milk clotting enzymes are widely used in the cheese industry 
to provide a curd of the major milk proteins. Commercially 
available milk clotting enzymes include native enzymes 
derived from microbial or animal tissue sources, or the 
enzymes may be provided as gene products of recombinant cells 

15 expressing a milk clotting enzyme of animal or microbial 
origin. 

Native milk clotting enzymes of animal origin^ are-, isolated .by 
extraction from, animal tissues containing one:. or^severa^L^ of ; 
these enzymes. Thus, anima'l^^milk.. clotting^ enzymesa^^ 

20 several enzyme s«of the grouprofSaspaEtrc. endopeptrdases^ 
having molecular ^weights whichtare in the range of- about:, 
35,000 to 42., 000 daltons (group:: 3 • 4 . 23 according^to the 
Enzyme Nomenclature, 1992 of the International ^ Union of 
Biochemistry and Molecular Biology, lUBMB) such as pepsin A 

25 (3 ,4. 23.1), and gastricsin . (3 .4.23 .3) which is excreted into 
the gastric juice of vertebrates including ruminants, pigs 
and humans., and chymosin .(3,4.23.4) which-,,is^ a predominantly 
neonatal, gastric enzyme;^with high milk^ clotting activity, 
excreted in mammals: The molecular weights of animal milk 

30 clotting enzymes are in the range of about 35,000 to about 
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42,000 daltons. Thus, chymosin has a calculated molecular 
weight of 35,652 daltons. 



The primary industrial source of native animal milk clotting 
enzymes are stomachs of calves and adult cattle in which 
5 essentially all of the In-vlvo milk clotting activity is 

associated with the presence in the gastric juice of chymosin 
and pepsin A. However, when produced in the stomach tissue 
cells, these enzymes occur as enzymatically inactive pre- 
enzymes which are designated pre-prochymosin and pre- 

10 pepsinogen A, respectively. When chymosin is excreted, an N- 
terminal fragment is cleaved off to give prochymosiri includ- 
ing a pro- fragment • Prochymosin is an essentially inactive 
form of the enzyme which, however, under acidic conditions 
becomes activated to the active chymosin molecule "^iDy removal 

15 of the pro-f ragment . This activation takes place ±n-vlvo in 

the gastric lumen under appropriate pH conditions. Pepsinogen 
A is activated into the active enzyme by partial hydrolysis 
under acidic conditions - 



Pseudochymosin is the designation of a chymosin species where 
2 0 only part of the pro- fragment (amino acid residues 1-27) is 
removed, Pseudochymosin will e.g. occur in an ^extract which 
has been exposed to a low pH, such as a pH of 2. Pseudochymo- 
sin has enzyme activity and is stable at low pH but is pro- 
cessed to chymosin at higher pH. The isoelectric point of 
25 pseudochymosin is not known, but it is assumed to be higher 
than 4.9, 



Recently, animal chymosin that is produced in recombinant 
microorganisms including filamentous fungi has been intro- 
duced into the industrial market. Such recombinantly manufac- 
3 0 tured milk clotting enzyme products are also referred to as 
fermentation produced chymosin or rennet. 

In addition to the above milk clotting enzymes of animal 
origin several natively produced microbial enzymes are used 
in the dairy industry. Such enzymes are referred to as micro- 
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bial milk clotting enzymes or microbial coagulants in the 
following. Exaimples of such enzymes include Rhlzomucor (pre- 
viously Mucor) mlehei proteases including^ destabilized; i,e. 
oxidized Rhizomucoir jniehei protease, Miieor. pusdllus protease 
5 and Endothici parasiticaj protease. 

Preparations or compositions containing native milk clotting 
enzymesir of anima^l. origin are prepared.. industrially by extrac- 
tionc fromr stomach^ tissues , in-par.t rcularcf romrruminants 
including calves^^ andriadult ca^ttle. Enzyme -containing crude 

10 extracts contain chymos in species including precursors, and 
pepsin species in ratios which depend primarily on the age of 
the animal. Thus, the distribution between., chymosin and;, 
pepsin in stomachs from young calves is .^typi easily about 80:20 
to 90:10 whereas in stomachs from adult cattle it- is typical - 

15 ly about 25:75. It will be understood that intermediate 

distributions between these enzyme species may be found in 
older calves and young cattle. As an example, the above ratio 
in extracts from these animals is typically in the order of 
50:50 , 

2 0 Conventionally, commercial products containing milk clotting 

enzymes of animal origin is manufactured , by a multistep, time 
consuming process which typically include*i:the f ollowing 
steps: (i) preparing a crude enzyme-T,containing>"extract by 
extracting comminuted, frozen , or ;drd:edcica»lrf:- or ; cattler^stom- 

25 achs with water, (ii) trans foisming^the^proenzyme:: int'o;:.the 
active enzymes, (iii) a clarification step where. a,, 
flocculant is added to facilitate^ the subsequent filtration 
step, (iv) concentration steps, (v) repeated: clarification, 
(vi) further filtration step to remove precipitated impu- 

30 rities, (vii) adjusting salt and preservative concentration, 
(viii) adjusting the enzymatic strength and composition to 
obtain the finished" product which^ iSKUSually referred^ to as. 
rennet. Prior to packaging, the rennet ^.product may be sub- 
jected to a final filtration step including a suerile filtra- 

3 5 tion. This conventional process of manufacturing rennet 

involves a high:, consumption of ; chemical agents and energy. 
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The entire conventional process of rennet manufacturing may 
take about one week. It will be understood that such conven- 
tionally manufactured enzyme preparations will contain a 
mixture of chymosin and pepsin, the latter enzyme being much 
5 less active than chymosin in respect to milk clotting. 

However, chymosin is considered in the dairy industry as far 
the best milk clotting enzyme for manufacturing of cheese 
with respect to specific clotting activity, curd formation, 
cheese texture and flavour and yield of cheese. -The distrifau- 

10 tion of milk clotting enzymes, i.e. the composition of a 

given batch of animal rennet may vary considerably depending 
i.a. on the animal stomach raw material. If a conventional 
rennet having a relatively high proportion of chymosin is 
desired, stomachs from young calves is the pre^exred -raw 

15 material. Such products may be designated calf rennet. Rennet 
products having lower proportions of chymosin may be manufac- 
tured on the basis of stomachs from older.-.calves .or ^f rom 
adult cattle (ox rennet) . Naturally, rennet products having 
intermediate enzyme chymosin content may be obtained e,g. by 

20 mixing a calf rennet and an ox rennet. The strength of a 

crude extract as described above is typically in the range of 
5 to 30 Chr. Hansen units (CHU) /mL as defined below. Typical- 
ly, conventionally manufactured commercial liquid rennet 
products has an enzymatic strength in the range of 40 to 100 

25 CHUs/mL, 

The above conventional rennet manufacturing process has 
several essential drawbacks. Firstly, the process is time 
consuming and labour-intensive; secondly, the provision of 
rennet having high contents of chymosin requires use of 

30 stomachs from young calves which is a relatively scarce and 
costly raw material; thirdly, the process requires use of 
clarifying agents which add to the production costs; fourth- 
ly, part of the process takes place at pH values where micro- 
bial growth is not inhibited, which may cause spoilage pro- 

35 blems and furthermore, part of the process is at pH values 
where the chymosin has a reduced stability; fifthly, the 
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process results in large quantities of contaminated waste- 
water and sixthly, the resulting rennet may be less suitable 
as the basis for production of powdered rennet products with 
a very high milk clotting activity due to its relatively low 
5 enzymatic activity (strength) and finally, it is a signifi- 
cant drawback that the liquid rennet products have low 
strengths which implies significant transportation costs. 

In the prior. ar,t'^some. of the above* pr obi emsfe have been- 
addressed .es^g . by suggesting processes whereby chymosin:,and 

10 pepsin are separated. Thus, WO 8 8/0222 0 discloses a method 

for separating chymosin from a liquid containing chymosin and 
pepsin, coirprising adjusting the enzyme- containing liquid to 
a pH of about 3.8 to about 5.2, preferably in the rangeeof 
4.4 to 4.5, and to a conductivity of about 2 to about 19 

15 mS/cm, and contacting this liquid with an equilibrated anion 
exchange medium to bind pepsin, recovering , the chymosin., in 
the liquid resulting after contact wi;th the; exchange medium 
and removing the pepsin from the exchange medium. However, 
this process results in a fraction where chymosin is present 

20 in an amount which is generally lower than that of the start- 
ing enzyme -containing liquid and the process is based on 
anion exchange at a pH where chymosin is xxnstable and which 
allows microb'ial growth. Furthermore, the anion, exchange 
medium as disclosed :is*,a . weak DEAK£;cel.luLose;" ion- exchanger 

25 the perf ormanceiiaof wh^ixh^^under^' the^dise^losedr^conditl 

be affected by^small , vaarfrations^^inTCthe p^or ' conducriv-ity of 
the extracf^app^lied to ^ the weak exchangerrr 

In WO 90/1S866 is disclosed-.a .method of recovering chymosin 
from an aqueous solution which additionally contains pepsin, 

30 comprising adding to the aqueous solution, polyethylene 

glycol; (PEG) and an inorganic Tsalt^^so as to form a two-phase 
system which after sepaxatron-^^int^d a chymosin arid pepsin- rich, 
PEG phase and an-* enzyme -poor salt phase, andr contacting the 
PEG phase with an ion exchange- resin under conditions where 

35 the chymosin is bound to the resin, and recovering the 

chymosin from-- the resin. Al-though thiS;: process may result in 
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a rennet product essentially only containing chymosin, it 
involves several technological drawbacks which contribute 
significantly to the production costs: (i) the use of PEG 
during the process requires strict measures be taken to 
5 remove the PEG, (ii) PEG and inorganic salt in the high 

amounts to be used are costly, (iii) in order to dissolve the 
added salt, it is required to use energy to warm the solu- 
tion, (iv) the two phases must be separated by centrif ugation 
(v) after the ion exchange step, the PEG must either be 
10 recycled or discharged, and (vi) according to that disclosure 
it is necessary to regenerate the resin after each batch. 

The present invention provides a novel one r phase ion 
exchange -based process of separating chymosin and pepsin from 
a crude extract of animal tissues containing "these milk 
15 clotting enzymes that is surprisingly efficient with regard 
to separating and concentrating the enzymes and to obtaining 
a high yield of enzymes, and which in comparison -to -the prior 
art methods is simple and cost-effective. 

However, it has been found that rennet products containing 

2 0 milk clotting enzymes of animal origin that are provided by 

an ion exchange process may be prone to reduction in their 
enzymatic activity, assumingly due to oxidation of certain 
amino acid residues. This phenomenon of oxidative enzyme 
destabilization is known in the art in connection with.micro- 
25 bial coagulants, and is in fact utilized in the manufacturing 
of so-called destcibilized milk clotting proteases of micro- 
bial origin, which is oxidized to a level where they are 
readily inactivated during the pasteurization of the whey. It 
is also known to add stabilizing agents to such proteases in 

3 0 order to preserve their activity up to their use. Thus, DE 

3234761 discloses solutions of such fungal proteases stabi- 
lized by the addition of at least 0.1 wt% methionine. 

Milk clotting enzymes may e.g. be exposed to oxidizing agents 
such as e.g chlorine or cleaning agent residues present in 
35 the water used during the manufacturing of rennet products or 
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in the dairies. In contrast to the rennet products provided 
herein, conventionally manufactured animals milk clotting 
enzyme extracts (rennets) are not very sensitive to oxidation 
due; to their high content of impurities^ which.,are readily 
5 oxidized - 

It has now surprisingly been found that it is possible to 
protects animaX milk^ clottings enzymes having a- low content of 
impurities by the addition-^of r compounds which™' are^- readily 
oxidized, inciuding:rmethionine . Therefore^^ it ~is..a-n important 

10 aspect of the present invention to provide liquid and pow- 
dered rennet products comprising a milk clotting enzyme and a 
stabilizing compound which imprpve the stcibility of the 
enzymes against oxidative inactivation. Iri^^the present con- 
text, rennet products having a low content of impurities 

15 include rennets manufactured on the basis of enzyme- contain- 
ing animal tissues, e.g. in accordance with the process of 
this invention or by an other process leading, to a rennet 
product with a low content of impurities which are readily 
oxidizable, and milk clotting enzymes expressed by a recombi- 

20 nant microorganism (fermentation product rennets) . 

SUMMARY OF THE INVENTION 

Accordingly; the^prissent invention relat;es4iin"ai.f xrst aspect 
to a process of separating milk clottingg^^aspartic endopepti- 
dases present in:an extract of animal stomach : tissue , com3 
25 E>rising the steps^iiof 

(i) preparing an aqueous extract of animal stomach tissue 
that contains the aspartic endopeptidases chymosin and 
pepsin, and/or their pro-enzymes, to^ obtain a one-phase, 
crude and particulatestmatter- containing^ extract- compris-- 

30 ing said endopeptidases.; 

(ii) adjusting the pH in the extract to a value where the 
pro^ enzymes are converted, into active endopeptidases, and 
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keeping the extract at this pH until essentially all of 
the pro- enzymes are activated. 



(iii) separating particulate matter from the extract 
resulting from step (ii) to obtain a one-phase, partially 

5 purified aqueous extract containing the milk clotting 

endopeptidases essentially in their active forms, 

(iv) mixing the partially purified extract of step (iii) 
with an ion exchange resin under conditions where pseudo- 
chymosin and chymosin present in the extract, is bound to 

10 the resin. 



(v) separating the mixture of (iv) into the ion exchange 
resin with chymosin and pseudochymosin bound thereto and 
an extract fraction containing substantially all of the 
pepsin also present in the partially purified extract 
15 resulting from step (iii) , 



(vi) recovering, under conditions where essentially all 
pseudochymosin is converted into chymosin^ the chymosin 
and pseudochymosin from the ion exchange resin into an 
ac[ueous medivim to obtain a solution containing substan- 
20 tially all of the chymosin and pseudochymosin present in 

the partially purified extract resulting from step (iii) 
as chymosin. 



In further aspects, the present invention pertains to a 
licpaid rennet composition and a powdered rennet composition, 
25 respectively in which at least 90% of the milk clotting 

activity is from chymosin, comprising a chymosin sta±)ilizing 
agent . 
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DETAILED DISCLOSURE OF THE INVENTION 

Presently, most milk cLotting.. enzyme- containing rennet pro- 
ducts on the' marJcefe*" ie^animaJ. rennet, primarily manufactured 
by extracting thet-senzymes from stomachs^^ of calves (calf 
5 rennet) and adult cattle (ox rennet) , although pig stomachs 
may also be used as raw material. The major milk clotting 
enzymes inZ an tmaM rennet are, as it is explained above, the 
highly actave-: chymoain:Land the less active pepsin, the dis- 
tribution'^off whd-ch enzymes in a3S.given'rrennet product varies 
10 according to the age of the animals from which the stomach 
raw material is derived. 

Clearly, much more adult cattle raw materntal for rennet 
production is available than calf stomachs^. However, there is 
a considerable industrial interest in utilizing the cheaper 
15 and more abundant raw material from cattle.:;.f or the production 
of rennet products with a high* content of -Schymos in relative 
to that of pepsin. One way of achieving" this is to separate 
chymosin and pepsin present in an aqueous extract ^of ' stomach 
tissues of ruminant origin. 

2 0 Accordingly, the: present ^.invent ron provides in one aspect a 

process whereby a*" separation^of^milk clbtting .aspartic endo- 
peptidases pres:enti::inrtanc extract of anima»Lw stomach tissue is 
achieved': As us:ed'-:here"3>n*tthea£term_ is 
related t o. , the^enzyme^-nomenclature'; of "^the^ lUBMB , 1992 as 
25 referredi^to abpve. 

In a firsr step of this process a crude, one-phase 
particulate matter- containing aqueous extract comprising said 
endopeptidases ^and/or their pro-enzymes, is prepared by sub- 
jecting comminuted:^ animal stomach tissue material to an 

3 0 extraction procedure e.g. as described, beiow.. However, thisj 

extraction stepr isy^ in^^contrast:^ to:;^the conventional method of 
preparing rennets, carried out without the addition of com- 
pounds increasing the conductivity, i.e. salts, acids or 
bases inr order to-^ obtain an^^^extract having a conductivity 
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which is in the range of 1 /xS/cm to 30 mS/cm. Accordingly, 
the extraction medium may conveniently be tap water or water 
with a reduced content of naturally occurring ions such as 
deionized or distilled water, 

5 The extraction procedure normally includes one or more steps 
of extracting the tissue at a temperature which is typically 
in the range of 0 to 30 under agitation for at least 10 to 
100 minutes in a suitable volume of water* An aiixiliary 
bulking agent may be added during extraction in order to 

10 facilitate the separation of the crude extract from the 
tissue. Following each cycle of extraction, coarse 
particulate matter of the extraction suspension is separated 
by subjecting the suspension to a pressing treatment using 
any suitable pressing equipment, resulting in an enzyme- 

15 containing press liquor containing particulate matters which 
are not removed by the pressing step. The extraction pro- 
cedure may be repeated, and the press licjuors resulting from 
each cycle is finally combined, resulting in a crude aqueous 
extract of the stomach tissue, comprising a substantial part 

20 of the milk clotting aspartic endopeptidase species hereof. 

In a subsequent step, the pH of the extract is adjusted to a 
value which is in the range of 0,5 to 5.0 whereby the pre- 
enzymes are converted into active endopeptidases , A preferred 
pH value is one in the range of 1,0 to 3.0, such as in the 

25 range of 1,5 to 2,5 including a pH of aiDOut 2.0. The adjust- 
ment of the pH is conveniently obtained by the addition of a 
strong inorganic acid such as H2SO4, HCl, H3PO4, HNO3 or an 
organic acid such as e.g. acetic acid, formic acid or lactic 
acid. The extract is kept at the low pH for a period of time 

30 which is sufficient to achieve an activation of essentially 
all of the pre-milk clotting enzymes. This activation period 
is generally in the range of 10 to 120 minutes, preferably in 
the range of 20 to 60 minutes such as about 30 minutes. It 
should be noted that a proportion of the activated chymosin 
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Il- 
ls present as pseudochymosin as defined above, the proportion 
hereof depending i.a. on the pH. 

The^^enzyxnatlc activity of the result ing^- act ivafeedv crude 
extract varies i* a. according to the -animal raw immaterial and 
5 to the volume of extraction medium, but is typically in the 
range of 5 to 30 CHU/mL, the highest activity being present 
in ext^ract^of Sitomach tissues^ from*^ young animalSFi It is^ 
preferred that the resuiting^- crude, partia^lyj purified, 
extsract has- a low ionxc-^streng.feh-and accordingly, the^-process 
10 is preferably one resulting in an extract that has a conduc- 
tivity which is in the range of 1 /iS/cm to 50. mS/cm, prefer- 
ably in the range of l|iS/cmrto 30 mS/cm, such as in the range 
of 1 to 20 mS/cm. 



15 Following the above activation step, the crude low pH- extract 
is subjected to a step whereby at least part 'of the 
particulate matters present herein is separated from the^ 
aqueous medium. Such particulate matters include stomach: 
tissue particles, coagulated proteins and cell ^^glomerates 

20 deriving from the stomach raw material, and particles of any 
auxiliary agent used during the extraction cycle (s). This 
separation may be obtained by any conventional industrial 
separation method, such; as, e.,gy filtration:;., cent rifugatron or 
sieving. TKe efficiency of the separation::istep:;> is greatly 

25:. enhanced by the..low^pH of the^^crude extractr; since^mostr::of 
the impurities present hereinxare , in' a,„preeipitated:£.s.tate at 
this pH andLacpordingly, a degr.ee of purification is^achieved 
by^ this sin^leT^process step which is at least comparable to 
that obtained by the above conventional clarification pro- 

3 0 cedure. 

The supernatant or filtrate resulting from this separation 
step, is a one-phase, partially purified aqueous extract 
containing the f extracted,. milk clotting chymosin and pepsin* 
species which* essentially are in their enzymatically active 
35 forms.*. 



I 
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The separated particulate matters whether as a filter cake, a 
sieving residue or as a concentrate resulting from 
centrifugation, may contain a certain amount of milk clotting 
enzyme activity and accordingly, the process may suitably 
5 include one or more additional steps of washing the separated 
particulate matters in order to recover at least part of this 
enzyme activity, and the washings may, if desired, be added 
to the above aqueous extract. 



The thus obtained, partially purified extract is then siib- 

10 jected to a step whereby the chymosin is separated from the 

pepsin A by contacting the extract with an ion exchange resin 
under conditions where chymosin species including chymosin 
and pseudochymosin present in the extract, are bound to the 
resin. In the present context, the term ion- exchange resin 

15 denotes a resinous material which binds charged compounds 

electrostatically and includes ion exchange resins that are 
prepared of insoluble materials such as e.g. agarose, poly- 
acrylamide, cellulose or derivatives thereof including carbo- 
xymethyl cellulose, or glass, that contain negat:ively charged 

20 ligands, e.g. sulf oxyethyl, sulfopropyl, phosphate moieties, 
-CH2COO*, -C3HgS03', or positively charged ligands, e.g. 
cpjiatemary amine moieties, diethylaminoethyl (DEAE) moieties 
or diethylamino , covalently bound to the insoluble resinous 
material. Negatively charged resins bind cations and are 

25 known as cation exchaingers or cation exchange resins. Simi- 
larly, positively charged resins bind anions and are referred 
to as anion exchangers or anion exchange resins. 
The two major milk clotting enzymes to be separated, i.e. 
chymosin and pepsin A have different isoelectric points 

30 (i.p.). That of chymosin is in the range of 4.5 to 5.1 where- 
as bovine pepsin A has an i.p. of about 2.0. Accordingly, 
chymosin will be positively charged at pH values below the 
i.p. and may therefore be bound to a cation exchanger at pH 
values below the i.p. whereas the pepsin A at a pH of about 2 

35 or higher will be either uncharged or negatively charged. 

Therefore, the present process includes contacting the above 
crude extract with a suitable cation exchanger at a pH which 
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is below the i.p. for chymosin such as in the range of about 
2 to a pH not exceeding the i.p. 

Inraccordahce^ with the: invention, anpref erred cation exchange 
resin is one which has .a constant high degree of ionization 
5 across a wide pH range, such as a pH range of 1 to 13 charge 
including a pH range of 2 to 12 . Such an ion exchanger may be 
referred to as a strong£ion exchanger, a. significant charac- 
teristic of such, an- exchanger being that its performance is 
less sensitive to. variations in pH and . conductivity . 



10 In preferred embodiments of the invention, ■a"~cation ion 

exchange resin having a high binding strength^:is used in the 
enzyme separation step. In the present context, the term 
"high binding strength" indicates that the^dion exchange resin 
has a high degree of ligand substitutions. In the art, such 

15 resins are generally considered to be particularly suitable 
for separation of smaller molecules having molecular weights 
below 30,000 daltons, such as peptides, or for separating 
biopolymers of almost identical charge (e.g. in high reso- 
lution chromatography) . Due to the high binding strengths of 

20 such resins it is also contemplated in the art that enzymes 
may be bound so firmly to an ion exchange resin of a high 
binding strength that it is difficult to havers enzyme" mole- 
cules, bound to such a resin released heref rom^without:::.impair- 
ing the: enzymatic::activity . Theref ore , resins?"havingrraohigh 

25 bindings s.trengthi-have not hitherto^been used successfully, for 
purrfi cation of r enzymes for any significant, purposes^,. 

According to the invention, a particularly useful cation 
exchanger may be selected from a sulfoxyethyl (SE) ion 
exchanger such as Whatman® SE cellulose cation exchangers. 

30 Such SE cation exchangers may have specif ic characteristics 

including the degree of^rSE. substitutions which determines the 
binding strength, and the structural dimensions determining 
the size of molecules which is preferentially bound. It is 
generally considered in the art that ion exchangers . of high 

35 binding, strengths are particularly useful when two or more 
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proteins having isoelectric points (i^p.'s) close to each 
other are to be separated. 

As an exait^le, the Whatman® SE 52 cation exchanger is 
described by the manufacturer as a moderately stabstituted ion 
5 exchanger showing high protein capacity and as being particu- 
larly suitable for binding of proteins having molecular 
weights greater than 30,000 daltons whereas the Whatman® SE 
53 cation exchanger is described as a strong cation 
exchanger that is specially designed for the binding of 
10 smaller biopolymers with molecular weights up to 3 0,000 

daltons and is therefore according to the manufacturer, ideal 
for the separation of e.g. peptides, interferons and inter - 
leukins . 

However, it was unexpectedly and surprisingly found that the 
15 Whatman® SE 53 ion exchanger was much more effective in 

selectively binding chymosin than was the corresponding SE 52 
ion exchanger, regardless of the fact that the molecular 
weight of chymosin is greater than 30,000. Furthermore, it 
was surprising that the separation of chymosin and bovine 
20 pepsin A having very different i.p.'s were so effective as it 
was found. It was particularly surprisingly found--that 
chymosin bound to the a±>ove SE 53 cation exchanger was rea- 
dily elutable without loss of activity regardless of the very 
high binding strength of that cation exchanger. Therefore, a 
25 Whatman® SE 53 or any other cation exchanger having similar 

functional characteristics represents one particularly useful 
cation exchanger in the process according to the invention. 

The cunount of the cation exchanger relative to the amount of 
extract applied thereto is generally in the range of 0.1:100 
30 to 10:100 in terms of the weight ratio between the ion 

exchange resin and the extract, the range preferetbly being 
0-2:100 to 8:100 such as 0.5:100 to 5:100. 

The contact between the cation exchanger and the enzyme - 
containing extract may be performed as a batch process or 
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by a process where the ion exchanger is contained in a suit- 
able column and..letting the;- extract flow through this column 
For industrial, scale processes, a batch process- loay be advan 
tageous»t since it is more convenient and less costly than a 
columns-process, significant advantagess* including -more, con- 
venient washing of the ion exchange resin, less risk of 
having. pH gradients in the contact mixture and significantly 
shorter- production- time. Whentusing.a:„batch process ; the 
mixture of ion exchange resin. andlextract is preferably 
0 agitated- during.- the. contact in-order tor obtain-an effective 
contact between these reagents:. THe contact time is suitably 
in the range of 5 to 120 minutes, such as in the range of.. 10 
to 60 minutes, e.g. in the range of l5.-to.45 minutes. 

The conductivity of the partiall.yv purified ex-tract to be 
5 contacted may have a negative effect on the binding of 

chymosin to the cation exchanger, but it has been found that 
a conductivity up to about 30 mS/C34: has. an insignif icant 
negative effect on the binding. 

Following the above step of binding chymosin to a cation 
exchange resin, the extract- ion exchanger mixture is sepa- 
rated into the ion exchange resdn-with^ chymosin and pseudo- 
chymosin bound, thereto.; andsa!n?.e3et-raet::;f raction . containing 
substantially all. of the^p^eps;in„a»lso present in. the partially 
purified extracitn This i|sepaEa?t=-ionttmayitbesca3sried£ out tnz. 
accordance- withtfany industxially suitable*sepa-ration method 
such as filtration, centrifugation, sefetTing/decanting or 
sieving. The separated ion exchange particles may be washed 
one or-several times, e.g. with deioni zed- water and the 
washing (s) may be added to the above peps in- containing frac- 
tion. 



It has surprisingly been found that a separated ion exchange 
resin can be re«contactedwwith one or several further vol- 
umes, such as up- to 5 to 10 further volumes, of the aci- 
dified, partially purified extracts without any regeneration 
amd/or equilibration procedures. 



I 
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Subsequent to each cycle of contacting a volume of enzyme - 
containing extract with the ion exchange resin, the chymosin 
and/or pseudo chymosin molecules bound to the resin is 
recovered under conditions where essentially all pseudochymo- 
5 sin is converted to chymosin, into an aqueous elution medium 
to obtain a solution containing substantially all of the 
chymosin and pseudochymosin present in the partially purified 
extract as chymosin « 

A suitable elution medixim is a buffered salt solution having 
10 a pH exceeding the i.p. for chymosin. Accordingly, the pH of 
the elution medium is preferably at least about 4.5, such as 
in the range of about 5 to about 8 , pref eralDly in the range 
of 5.5 to 7.0, including the range of 5.6 to 6.0, The salt is 
e.g. NaCl, and the concentration of the salt is typically in 
15 the range of 0 to 3 0% (w/v) such as in the range of 2 to 25%, 
e.g. in the range of 4 to 15%. The buffering agent may suit- 
ably be selected from a phosphate, an acetate or any other 
buffering agent having buffering capacity in the pH range of 
4 to 8 . The concentration of the buffering agent is typically 
20 in the range of 0.01 M to 1 M, e.g. 0.05 M phosphate. 

In preferred embodiments of the invention the process as 
defined herein is one wherein at least 90% of the milk clot- 
ting activity recovered in the elution step is chymosin 
activity, such as at least 95% of the milk clotting activity i 
25 including at least 98% chymosin activity, e.g. at least 99% 
chymosin activity. 

The volume of the elution medium relative to the volume of 
extract that is contacted with the ion exchange resin deter- 
mines the enzymatic activity (the strength) of the resulting 

30 chymosin- containing eluate and accordingly, the volume of 
elution medixim is selected so as to obtain a suitable 
strength. For many practical purposes a high strength of the 
eluate is desirable aind although a wide range of ratios 
between the volume of elution medium and that of the extract 

35 applied to the ion exchange resin is within the scope of the 
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invention, particularly interesting ratios are within a range 
of 1:1 to 1:20, preferably within the range of, 1:2 to 1:15 
such as within the range of 1 : 3. to^l : lO::. 

It: will be understood that'' the. selection of a desirable range 
5 of ratios also depends on the strength of the partially 

purified starting extract. As one exan^le, a ratio of about 
IT: 5 may be useful:. when the^.extracti is made, from- calf stom- 
achs, s ince^ the resul tinge enzymat i c s t rengthr in the eluat e 
typically will be in the. rajige oftSO torlOO CHU/mL. .which may 

10 be a convenient strength of a commercial liquid rennet pro- 
duct • Such concentrates of rennet may contain an amount of 
chymosin activity that is increased. .relative to. the starting 
crude extract by a factor which is^ in: the::' range of 2 to 
10000, such as in the range of 10 to IOOO7 including- the 

15 range of 20 to 500. 

It may, as it is mentioned above, be of ; considerable commer- 
cial interest to provide rennet products having- a high enzy- 
matic strength. Such concentrated products can be transported 
at a low cost to the location of use and- the rennet concen- 
20 trate may', if desired, be diluted subsequently to any pre- 
ferred strength. 

A high activity, rennet productzmay in:;iaccordance with the 
invention ,also^be:::providedIby:ea. process as2 defined herein 
which as. a'^' further"^ step comprtse^sr a removal, of water from the 

2 5 chymosin- contaihingreluate whereby a chymosin- containing 

preparationr.isrprpvided which is at least partially dehy- 
drated. Such a dehydration may conveniently be obtained by 
ultrafiltration of the chymosin- containing preparation resul- 
ting in a retentate containing substantially all cf the 

3 0 chymosin present 'in^ the retentate;r. Retentates, may be obtained 

having strengths- which: are;, in ..the^ range. 5;0:. to 10 , 000 CHUs/mL^, 
e.g.-^ a strength, inrthe^^ rajige'" of "^100 to SOOO'iCHUs/mlj including 
a strength of 500 to 5000 CHUs/mL. 
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It is Icnown in the art that rennet products with increased 
activity relative to simple extract -based products, based on 
conventionally prepared aqueous extracts of animal stomachs, 
may be provided by precipitating proteins in the extract, 
5 including the milk clotting enzymes. However, such conven- 
tional high chymosin rennet products will contain a mixture 
of chymosin and pepsin dependent on the raw material and on 
the precipitation conditions . 

A retentate prepared as described above may be used for milk 
10 clotting purposes as is, or there may be added usual rennet 
additives to the retentate to obtain a liquid concentrated 
rennet con^iosition e.g. having a strength of at least 50 
CHUs/mL such as at least 100 CHUs/mL, including a strength of 
at least 200 CHUs/mL such as 1000 CHUs/mL, preferably at 
15 least 1500 CHUs/mL, more preferably at least 2000 CHUs/mL, 
most preferably at least 2500 CHUs/mL and in particular at 
least 3000 CHUs/mL. 

In accordance with the invention, a powdered rennet product 
can be obtained by subjecting a concentrated eluate or a 

20 retentate as defined above to a drying step to obtain a 
rennet powder. This drying step may be per-formed by any 
drying process which is suitable for drying of proteins 
including as examples spray drying, vacuum drying, air drying 
or freeze -drying. It may be advantageous to add a solid 

25 compound such as NaCl to the retentate prior to the drying. A 
rennet powder prepared in accordance with the present inven- 
tion may e.g. have a strength of at least 100 CHUs per g, 
preferably at least 200 CHUs per g, more preferably at least 
500 CHUs per g, even more preferably at least 800 CHUs per g 

3 0 and in particular at least 1000 CHUs per g such as at least 
1500 CHUs per g, e.g. at least 2000 CHUs per g. 

In accordance with the invention the step of recovering the 
chymosin from the cation exchange medium by elution preferab- 
35 ly results in an eluate wherein at least 90% of the milk 

clotting enzymes is chymosin, more preferably at least 92%, 
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even more preferably at least 95%, most preferably at least 
97%, in particular at least 98%, suchas at least 99% or even 
at least. 99.5%. 

It has, as it is also explained above, been. foxrnd that 
5 purified chymos in- containing preparations such as those 

resulting from the cibove process may be susceptible to^ oxida- 
tive reductions in enzymaticj^acpivity anjdi accordingly the 
invention enconpaases;..a, processfc^which in^cludea=^the addition, 
of a con5)ound whd'Gh* cahr,profe'ee^^ against such 

10 activity reductions. In the present context, such compounds 
are referred to as chymosin stabilizing agents. In accordance 
with the invention such agents ..may be incorporated int2o;. a 
chymosin- containing rennet product^by being added during the 
above process, e.g. to the crude- or: the«tpa^rtially purified 

15 aqueous extract or to the chymosin- containing eluate or to a 
rennet preparation obtained by at least partial removal of 
the water of the eluate. 

In the present context, a suitable stabilizing agent may be 
selected from a protein, a polypeptide, an amino acid includ- 

20 ing methionine and cysteine, a non-nitrogen antioxidant 
compound such as ascorbic acid or^an ascorbatev: 
Particularly useful . st*abilizing-:-.agents^r includei.-DL.. methionine 
and L - methionine . A pre£erredt:.chymosin;;.stabil±zing agent is 
one whi^ch, when,. adde.ds:durilig^the,^proce'ss^in,Lan amounts which 

25 results in an^ amount^^in theKf xnrshed* rennetsc: produett^of the- 

agent which is2^ in the'^ rangejioft 0 . 01 to„ 10 wt% has a, stabiliz- 
ing effect whereby the stabitLized rennets- product: retains an 
activity which is higher than* that of the same product with- 
out added staibilizing agent when the product is diluted in 

3.0 distilled^water containing 20 ppm of chloramine T to an 

activity of '-4"?CHUs/mL and kept herein at room tenperature for 
about 60. minutes. Preferably at least 50% of the. activity is 
retained^ evg. at least 75%, such as at least 90% of the 
activity, e.g. at least 95% of' the activity or even at least 

35 97% of the activity including at least 98% of th£r activity. 
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It is am interesting aspect of the present invention that the 
relatively low pepsin milJc clotting activity of the aJbove 
pepsin- containing fraction resulting from the separation of 
the ion exchange resin from the mixture of the partially 
5 purified extract and the resin may be utilized to prepare 
commercially interesting rennet products. 

The strength of this fraction after separation (the starting 
strength) is typically in the range of 1 to 20 CHUs/mL. In 
addition to pepsin the fraction contains a substantial -amount 

10 of other proteins originating from the stomach raw material, 
and accordingly it is difficult to concentrate the pepsin by 
an ultrafiltration process. It has been found that the start- 
ing enzymatic strength may in accordance with the invention 
be increased by a factor which is in the range of 10 to 

15 10,000 by subjecting the fraction to a further step of con- 
tacting it with an ion exchange resin under conditions where 
substantially all of the pepsin is bound to the resin, and 
recovering the pepsin from the resin into an amount of a 
liquid medium which is less than the amount of extract frac- 

20 tion applied to the resin. The contacting conditions include 
a pH value where the pepsin (and any residual chymosin from 
the cation exchange step) binds to an anion exchange resin as 
defined above. 

It was found that an anion exchange resin having a high 
25 binding strength was not only particularly effective with 
regard to binding of pepsin, but also allowed an effective 
elution of the bound enzyme. One such useful anion exchange 
resin is Whatman® DE 53, 

The pepsin- containing fraction is contacted with the resin at 
30 a pH which is typically in the range of about 5 to about 7, 
either in a batch process or by applying the fraction to a 
column containing the anion exchange resin. In a batch pro- 
cess the mixture of the anion exchange resin and pepsin- 
containing fraction is preferably agitated during the contact 
35 in order to obtain an effective contact between these 
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reagents . The contact time is suitcLbly in^ the range of 5 to 
120 minutes, such as in the range of 10 to 60 minutes, e.g. 
in the range of 15 to 45 minutes. 

Following the above contact step the anion exchange resin is 
5 separated in accordance with any industrially suitaible sepa- 
ration method such as filtration, centrif ugation, sett- 
ling/decanting: or sieving- The^^ separated . ion exchange par- 
ticles may be washed onevor several times; e:vg. with 
deionized^water. and. the washing'{s) may be added to the liquid 
10 phase resulting from the^ separation. A separated anion 

exchange resin can be re^ contacted with one or several fur- 
ther volumes, such as upx.to 5 to 10 further volumes, of the 
pepsin- containing fraction without' any regeneration and/or 
equilibration procedures. 

15 Subsequent to each cycle of contacting a volume of pepsin- 
containing fraction with the ion exchange, resin^, pepsin 
molecules bound to the resin is recovered into an aqueous 
elution medium to obtain a solution containing substantially 
all of the pepsin present in the above fraction. 

20 A suitable elution medium is a buffered salt solution having 
a pH which is preferably in the range of ^5 .to 7, including 
the range of about 5 .5 to about 6 .5. The sa*lt . is. e . g. NaCl, 
and the concentration-. of the salt is typicaiLly in„the range 
of 1 to 3 0% (w/v) , such as in the range off:2 to 25%^ er.g. in 

25 the range of 4 to. 15%, The buffering agent may suitably^ be 

selected from a.,phosphate, a citrate, an acetate or any other 
buffering agentrwhich under the elution conditions have a 
buffering capacity. The concentration of the buffering agent 
is typically in the range of 0.01 M to 1 M, e.g. 0.05 M 

3 0 phosphate. 

The present invention relates in one aspect to a rennet^ 
composition coitprising a chymosin stabilizing agent, in which 
at least 90% of the milk clotting activity is from chymosin. 
In accordance with the invention the coi[5)osition may be a 
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liq>iid composition or it may be in the form of a powdered 
rennet composition. In accordance with the invention, the 
stabilizing agent as defined herein may, as it is described 
above, be added during the aibove process of separating the 
5 milk clotting enzymes as present in an extract of animal 

tissues, or it may be added to a finished chymosin- containing 
rennet preparation e.g. containing other rennet additives. In 
one preferred embodiment the composition is one in which at 
least 95% of the milk clotting activity is from chymosin such 

10 as at least 97% of the activity, e.g. at least 98% of the 

activity including a composition in which at least 99% of the 
milk clotting activity is from chymosin. The milk clotting 
activity which is not from chymosin may be from an other 
aspartic endopeptidase as defined herein or it may be from a 

15 milk clotting enzyme of microbial origin as also defined 
hereinbefore • 

The composition is preferaibly one which retains at least 50% 
of its milk clotting activity when it is diluted in distilled 
water containing 20 ppm of chloramine T to an activi"ty of 4 

20 CHUs/mL and kept herein at room temperature for about 60 
minutes. More preferably the composition is one wherein, 
under these conditions at least 75% of the activity is 
retained, such as at least 90% of the activity. Particularly 
preferred embodiments include compositions wherein at least 

25 95% of the activity is retained, e.g. at least 97% of the 
activity, including at least 98% of the activity* 

The stabilizing agent is selected from the compounds as 
mentioned above, a preferred stabilizing agent being selected 
from methionine including DL methionine or L-methionine . It 

30 has unexpectedly been found that a methionine even in very 
small amounts such as less than 0,1 wt% has an excellent 
stabilizing effect on purified chymosin. Accordingly, the 
invention provides in one embodiment a stabilized chymosin- 
containing composition comprising methionine, the amount 

35 hereof typically being in the range of 0,01 to 2 wt%. Even 

with an amount of methionine in the range of 0.01 to 0,09 wt% 
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a stabilizing effect is observed whereby 90 to 100% of the 
activity is retained after contacting the composition with 
chlorainine under the above test conditions^; 

The stcJDilized chymosin- containing rennet composition as 
5 defined above may have any commercially useful strength. 
However, in advantageous embodiments the compositions may 
have a milk clotting^ activity of-at least 20 CHUs-per g or 
mL, preferably at least 50 CKUs per g or mL. such as at least 
100 CHUs per- g or ml&V preferably at least 200 -CHUs- per g or 
10 mL, more preferably at least 500 CHUs per g or mL, most 

preferably at least 800 CHUs per g or mL, and in particular 
at least 1000 CHUs per g or mL^ 

In useful embodiments, the rennet conqposition is a. high 
activity or concentrated composition containing at least 1100 

15 CHUs per g or mL, preferably at least 1500 CHUs per g or mL, 
more preferably at least 2000 CHUs per g: or mL, most prefer- 
ably at least 2500 CHUs per g or mL, and in particular at 
least 3000 CHUs per g or mL, Such high activity rennet compo- 
sitions may either be liquid compositions e.g. provided by 

20 ultrafiltration of a chymosin- containing eluate as defined 
above or such conqp^psitions may be based;son-concentrated 
mammal chymo sin; expr e's s ed^ in . a^f.re c omb i nan tt^mi c r ob ial cell 
(fermentation produced rennet) . 

Therefore^ in. iiaeffi?ll embodiments of the inventionT the 
25 chymosin of the ^compos it ion is, chymosin derived*;f rom a mammal 
stomach tissues?*^au©hras separated chymosin prepared in accor- 
dance with the process of separating milk clotting aspartic 
endopeptidases as defined herein. In further useful embodi- 
ments the chymosin is be a mammal chymosin expressed in a 

30 microbial cell. Host- cells, coir^rising a gene coding for the 
mammal chymosin can suitably, be selected from bacterial 
species including E. coll, a yeast speGiesa.such as from 
Saccharoinyces or JCIyuveromyces spp. or a fungal species, e.g. 
selected from an Aspergillus sp., a Mucor sp. or a 

35" Penicllllian sp. 
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Furthermore, the invention encompasses chymos in -containing 
compositions which contain a mixture of a mammal chymosin 
extracted from stomach tissues and a mammal chymosin 
expressed by a recombinant microbial host cell. 

5 The sta±>ili2ed chymosin- containing composition may further 
comprise usual rennet additives such as carrier substances 
including salts, e.g. NaCl or preserving agents. 

The invention is further illustrated in the below examples. 



EXAMPLES 

10 Materials and methods 

A, Determination of rennet strength (Analvtical procedure AP 
001 of Chr, Hansen's Laboratorium) 

(i) Assay principle 

The strength of a rennet is determined as a milk: clotting 
15 activity. Following the addition of diluted rennet to a 

standard milk substrate, the milk will flocculate. The milk 
clotting time is the time from addition of the rennet until 
formation of visible flakes in the milk substrate. The 
strength of a rennet sample is found by comparing the milk 
20 clotting time for the sample to that of a standard rennet 
preparation, a normal . It is important that the normal has 
the same composition of enzymes as that of the sample. 

As the method is intended to be used for rennets of bovine 
origin, i.e. calf rennet, bovine rennet and mixtures hereof, 
25 the enzymes in question are chymosin and bovine pepsin. 

Normals containing these two enzymes can be blended in the 
correct proportions from the lic[uid normals: (i) the calf 
rennet normal and (ii) the bovine rennet normal. 
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(ii) Standard assay conditions 



Temp e ra tur e': 



Substrate: 



Recons:t^±tuted skim milk, pH^6.5, adjusted 

with CaCl2 #^ cf • item^-(vi") below 

22^C + 0.2°C inta theOTiostatic water bath 



5 Enzyme addition: 



To 25 mL of the reconstituted skim milk 



is added 0.5 mL of enzyme solution 
sample-^ diluted to give^a clotting time 
in': thefcsrange .of . 3 8 0 to^S 0 0 - seconds . 



(iii) Activity units 

10 Rennet strength is given in Chris tdan Hansen units (CHU)/mL 
or CHU/g. A calf rennet standard powder and a bovine rennet 
standard powder have been defined as having a specific 
strength. All liquid and powder standard preparations (nor- 
mals) are referred to these powder standards, 

15 1 CHU/mL in the diluted enzyme solution of the calf rennet 

standard (normal) will when properly diluted under the above 
standard conditions give a clotting time of 410 to 460 se- 
conds, i.a. depending on skim; milk powder used, and... including 
day-to-day variations. 

20 1 CHU/mlj in the diluted, enzyme^solutionr of drthe^bovine^-rennet 
standard (normal) wilT under^the- above* standard-assail condi- 
tions give a clotting time which is 20-25% belQw^thatcof the 
above calf rennet standard. This r has been defined because of 
the greater sensibility of the bovine pepsin to the Ca^"*" 

25 content in milk. At a pH in cheese milk which is about 6.6, 1 
CHU of the two types of standards will give essentially the 
same clotting time. 
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(iv^ Enzyme standards (normals) 
Primary standards 

The system of enzyme standards comprises the below primary 
standards in powder form which are kept at -18**C in evacuated 
5 ampoules : 

(a) calf rennet powders comprising about 90% chymosin and 
about 10% bovine pepsin (batch KNP III, 322 CHU/g; batch 
KNP IV, 303 CHU/g; batch KNP V, 311 CHU/g) , 

10 (b) bovine rennet powder comprising about 25% chymosin 

and about 75% bovine pepsin. 

Sec ondary s t andar ds 

As secondary standards are used liquid normals which are kept 
at a temperature of 0-4°C, including: 

15 (a) calf rennet normal containing 90% ± 2% of chymosin 

and 10% + 2% of bovine pepsin and having a strength of 50 

± 1 CHU/mL, 

(b) bovine rennet normal containing 25% + 2% chymosin and 
75% + 2 bovine pepsin. 

20 The composition of the above standards of rennet of bovine 
origin is based on activity percentages determined as 
described in the below modified Gamot assay procedure. All 
of the standards are produced by Chr. Hansen's Laboratory, 
Copenhagen , Denmark . 
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(v) Reagents 

(a) Sodium acetate buffer7 pH 5.5, ionic strength 0.08: 
10 mli of- l;.M CH3GOOH and 10 of CH3COONa', 3 H2O ±s dis- 
solved in. glass- dist^i lied water up to 1000 mL; 

5 (b) Calcium chloride solution, 50% (w/v) : 662.4 g of 

CaCl2# 2 H^O p. a. is dissolved in glass distilled water 
up to. 10007 mL, and the solution is degassed: under vacuum. 
The concentration is checked«:by titration .wj.i:h 0,01 N 
EDTA^ solution; 

10 (c) 0.05% (w/v) CaCl2: 2.00ImL^CaCl2-and 1998 mL of glass 

distilled water or sterilizedf demifneralized water is 
mixed on the day where it is- used; 

(vi) Substrate 

Reconstituted slcim milk, pH 6.5 is prepared as follows: 110 g 
15 of low heat, spray dried skim milk powder is suspended in 
1000 mL of 0.05% (w/v) CaCl2 • The milk solution is stirred 
for 30 minutes at room temperature, and then left for a 
further 30 minutes. The, milk s\ibst rate is stored between 4 
and 25 ®C and for no longer*"thah::.3^.hours^;= The. pH- :of .^the milk 
2.0 is usually 6.48^^to 6.52., 

(vii) Preparation of dilut^ed' liquid normalsr&and liquid 

The calf rennet normal is diluted with acetate buffer pH 5,5 
to contain 1 CHU/mL. The dilution is 50 times and can be 

25zr obtained by using 2.0 calf . rennet normal up to 100 mL. The 

bovine rennet, normals is „ diluted with acetate buffer pH 5.5 in 
such a way that the. clottings time obtained is the same" as* for 
the calf rennet normal + 40' seconds. The dilution is normally 
60 times and is e.g- obtained by using 2.5' mL bovirxe rennet 

30. normal and buffer up to 150 mL. 
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Preferably, all rennet samples to be assayed should be 
checked against a normal with about the same enzymatic compo- 
sition as the sample. The diluted normals, both containing 1 
CHU/mLi, is mixed to contain the same amount of chymosin + 5% 
5 as the sample. Samples containing more chymosin than the calf 
rennet normal are tested against the calf rennet normal. 
Samples containing less chymosin than the bovine rennet 
normal is tested against the bovine rennet normal. 

Liquid rennet samples to be assayed are diluted with the 
10 above acetate buffer to give a clotting time corresponding to 
the relevant normal ±40 seconds. 

When samples of powdered rennet preparations are to be 
assayed, samples are diluted in acetate buffer to give a 
clotting time corresponding to that of the relevant normal + 
15 40 seconds. 

(viii) Assay procedure 

25.0 g of milk substrate is weighed or measured into a volu- 
metric flask and the flask is preheated for 800 seconds + 100 
seconds to ensure both the correct temperature. -and the cor- 

20 rect ecjuilibrium of the milk salts as the concentration of 
Ca^"*" in the substrate is dependent on the temperature. The 
flasks are transferred to a rennet testing apparatus -consist- 
ing of (i) a thermos tated water bath at a temperature of 32 °C 
+ 0.2«'C, (ii) 12 counters and (iii) device for rotating 12 

25 vol\imetric glass flasks. 0.5 mL of an enzyme sample solution 
is quickly pipetted to a flask being rotated in the testing 
apparatus and simultaneously, a counter giving the time in 
seconds, is activated (Tq = 0 seconds) . When the milk film in 
the rotating flask is observed to become disrupted into small 

30 flakes or dots, the counter is stopped, and the milk clotting 
time, Tg, in seconds, is noted. 

A Scunple and the corresponding normal must be tested in the 
same run to obtain the smallest possible variations in the 
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testing conditions. A duplicate determination includes two 
dilutions of the sample and two dilutionsa^of the normal. One 
dllured- normaa^ can be.used as reference .fSrr several samples 
having . similar-enzymatic compositions:; 

5 (ix) Calculations 

The renzyinaticr:s.trength of2ta^sait5)3:e^ is caiculated^on the basis 
of each of the; single,^ determinations ofSclotting times: and 
not based; on thee-averager^vaiuesirof clotting ..times , .finally , 
the strength of the sample is calculated as the average of 
10 the duplicate determinations. 

The strength is calculated according toxther- below formula: 

Strength = x Dil p x St^ , 
Ts X Dil^_ 

= Clotting time in seconds for the normal 
Tg = Clotting time in seconds for the sample 
Dil^ = Dilution factor for the normal 
Dilg = Dilution factor for the sample 
Stn = Strength of the normal.,, 50 CHU/mL 

B. Determination of content of chymosin andrbovine peTDsin- in:, 
20 rennets bv ion exchange --chromatograp hy (modi:£±ed^Ga 

procedure) f Analytical .procedure AP - 122 of'^Chr.r^ Hanaen^^s^ 
Laboratorium) 

(i) Principle 

Following desalting of a rennet sample. by diaiysis, the two 
25 enzyme species chymosin andx bovine pepsin^ are* separated on an 
ion exchange column and .collected^in two-^f ractions • The milk, 
clotting activity of the two fractions:: are*measured against 
the corresponding standards (normals) to give the composition 
expressed in percentages of enzyme species, based on determi- 



where 

15 



I 
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nation of enzymatic strength in CHU determined as defined 
aibove. 



This method is intended to be used for rennet preparations 
containing chymosin and bovine pepsin only. The presence of 
5 other commercially available milk clotting enzymes including 
porcine pepsin, Rhizomucor mlehei proteases including 
destabilized Rhizomucor miehei protease, Mucor puslllus 
protease and Endotiiia parasitica protease will give mislead- 
ing results, as all of the microbial enzymes will be eluted 

10 together with the chymosin in the first fraction, and the 

porcine pepsin will be eluted with the bovine pepsin A in the 
second fraction. Consequently, the absence .of , these enzymes 
of non-bovine origin should be checked using a suitable 
method such as the below rocket -immunoelectrophoretic method 

15 or the immune -diffusion methods as described in the IDF 
(International Dairies Federation) standard method llOA, 
1987. Rennets of bovine origin contain in addition to 
chymosin and bovine pepsin A, minor amounts of bovine gas- 
tricsin (about 5%, calculated on the content of bovine pepsin 

2 0 A) . The bovine gastricsin fraction will primarily be eluted 
with the chymosin in fraction 1 as defined below. 



(ii) Reacrents 



(a) 0.025 M piperazine buffer: 4.85 g of piperazine- 
hexahydrate is weighed into a beaker (A) and 42 . 8 g of 1 M 
25 HCl is weighed into an other beaker and transferred quanti- 
tatively to beaker A followed by stirring until the salts are 
dissolved. The resulting solution is transferred quantitat- 
ively to a 1000 mL volumetric flask and glass distilled water 
is added to volume; 

30 (b) 0-20 M NaCL in 0,025 M piperazine buffer, pH 5.3: 11,7 g 
of NaCl is dissolved in 1000 mL 0,02 M piperazine buffer, pH 
5-3; 
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(c) 0.50 M NaCl in 0.025 M piperazine buffer, pH 5.3: 29.2 g 
of NaCl is dissolved in 1000 mL 0.02 M piperazine^ buff er, pH 
5.3; 

(d) ion -exchange resin:, Whatman® DE- 52: or equivalent; 

5 (e) about 0.5 M piperazine solution: 97 g of piperazine- 

hexahydrate^ is dissolved- in^ l^litre of glasss distilled^water; 

(f) the column material, issiprepared as follows.: ..a, thin^ slurry 
of the ion exchange resin is prepared by gentle swirling and 
the pH adjusted to about 5.3 by titration with a strong HCl 
10 solution (15-20% HCl). The slurry is allowed to-. settle, fol - 
lowed by decanting the supernatant containing finest. If«i 
necessary, the ion exchange resin is redispersedt^ in suffi- 
cient buffer to give a viscous, but fluid suspension. A few 
drops of toluene are added. 

15 (iii) Assay procedure ^ 

(a) Preparation of ion exchange column: the ion exchange 
resin suspension is warmed to room temperature and 15 mL of 
the gently swirled suspension-? is., poured into each, column 
(Pharmacia, 0.9 x 15 cm: or equivralent) . The; ion exchanger is 

20 allowed to settle an.d::the' f inal»^height ofi:material isrrin- the 
range of 9 to 12 ciar;^ The-:^column- is equilibrated with,^10:0; mL 
of 0.025 M piperazrne-buf f er, pH 5.3 at ar^flow rate of:^I:80. 
mL/h using^ a peristal tic^^pumpjrv Each column^may be used'^f or 
analysis, of z up to 5.-scUttplesc.within one month:.form packing. 

25 Prior to ea^ch new run, the column is equilibrated with at 
least 100 mb of 0.025 M piperazine buffer, pH 5.3 at the 
above flow ratev 

(b) dialysisrof*rrennet- samples: -dialysis tubing, size 8/32 is. 
softened by immersion for a few minutesr in- water . The txibing 

30 is bound at one and 10 mL of Scunple is transferred to the 

tubing. When the sample is a liquid rennet preparation it is 
used as isr^ whereas a powdered rennet preparation Is sus- 



I 
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pended in 0.025 M piperazine buffer, acetate buffer as 
defined above or in water prior to transfer to the dialysis 
tubing. The 10 mL of rennet sample is dialysed against 500 mL 
0.025 M piperazine buffer in a measuring glass for at least 2 
5 hours, preferably overnight. If kept overnight, the dialysis 
is under refrigeration, otherwise at room temperature. 

(c) separation of enzymes: the column is run at room tempera- 
ture. 10 mL of the dialysed rennet sample is applied to the 
column. When the strength and approximate composition of the 

10 sample is known, an amount of dialysed sample giving about 1 
CHU/mL in the weakest fraction, is applied. The amount of 
enzymes applied to the column should not exceed 600 CHU, The 
elution of enzymes is performed at a flow rate of 80 mL/h 
using (i) 0.20 M NaCl in 0.025 M piperazine buffer until 100 

15 mil is collected in a volumetric flask (pool 1, the chymosin 

fraction) followed by the collection of 3 mL eluate in a test 
tube (intermediate fraction, should contain no enzymes) , (ii) 
0.5 M NaCl in 0.025 M piperazine buffer until 100 mL is 
collected in a volumetric flask (pool 2, the pepsin frac- 

2 0 tion) . The collection of eluate is started simultaneously 
with the application of the sample. 

(iv) Determination of milk clotting activity 

The flasks containing the above eluates are shaken well 
before determination of milk clotting activities as described 
25 cLbove. The first fraction (pool 1) is measured against the 
calf rennet normal, diluted with acetate buffer. The second 
fraction (pool 2) is measured against the bovine rennet 
normal. The milk clotting time for the intermediate fraction 
should exceed 1800 seconds. 

30 (v) Calculations 

The content of chymosin and bovine pepsin in activity percen- 
tages are calculated as follows: 
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% chymosin: Stpo^i i x 100 



St pool 1 S^^pool 2 
% BpA: 100 - % chymosin 

5 Stpoox 1 the strength of pool 1 calculated as follows: 

X Dil-KN 

the clotting timeir^in. seconds, foir^, the calf 
rennet normal 

The clotting time in-seconds^f or . pool 1 
Dilution factor for pool 1 

Dilution factor for the calf rennet normal 
Strength of the calf rennet normal, 50 CHU/mL 



10 



'^pool 1 • 
Dilpool 1 



Dil 



Stj^: 



15 StpQoi 2 is the strength of pool 2 calculated as follows: 

Stpooi 2- Ton X ^ilppoi.2.x StoN.. 



Tpool 2 X DiloN 



Tq^: the.i clotting time in:isecondSi:.f 6r:,the^bo:v:ine^ 

20' rennet ^ normal 

"^pooi 2* The clotting time in seconds for ppolL2 
Dilpooi 2= Dilution factor for pool 2 

Dil^«- Dilution factor for the bovine rennet^ normal 

ON • 

StoN= Strength of the bovine rennet normal, 50 

25 CHU/mli 



The standard" deviation on a single . determination is about 3%, 
absolute. 
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C, Quantification of enzyme components in rennet by Rocket 
Immunoelectrophoresis (RIE) 

Quantitative determination of milk clotting enzyme species 
were made according to the RIE assay described in Rothe et 
5 al., 1976 (J. Dairy Res. 43, 85-95 and Rothe et al., 1977 (J, 
Dairy Res. 44, 73-77 (1977). This assay is based on the 
following principle: 

The sample protein cortponents are moved by electrophoretic 
force in a gel containing antibody monospecific to the pro- 

10 tein antigen to be determined- Initially small soluble 

antigen -antibody complexes are formed, and during the move- 
ment these grow larger until they precipitate. The movement 

then stops, and - under specified conditions the - height of 

the precipitate curve ("the rocket height") is a function of 

15 the antigen amount in the sample. 

The assay is applicable for the determination of enzyme 
species derived from mammals including bovine animals and 
pigs, and milk clotting enzymes natively expressed by micro- 
organisms" such those mentioned above. 



20 EXAMPLE 1 




Laboratory- scale column chromatography separation of chvmosin 
and pepsin 

A crude calf rennet extract was activated by adjusting the pH 
to about 2 and subsequently filtered to obtain a pH 2 fil- 

25 tered rennet extract. This extract was dialysed against a 

buffer (buffer A) of the following composition: 20 mM citric 
acid and 0.1% (w/v) Na-benzoate, pH 2.5, conductivity 2.3 
mS/cm and 50 mL of the dialysed rennet having a strength of 
about 22 CHU/mli, a pH of 2.45 and a conductivity of 4.3 mS/cm 

3 0 was used in the following separation experiment. 
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2.5 g of Whatman® cation exchanger SE-53 (a sulfoxyethyl (SE) 
strong acid cation exchanger) was suspended in 25 mL of 
buffer A and packed in a 1 x 10 cm column (FPLC™, Pharmacia) 
followed by equilibration with 40 mL of buffer: A. 50 mIi«of 
5 the above dialysed rennet was applied to the colximn (run No. 
227 FPLC™, superloop) and elution was carried out with buffer 
B (FPLC™) having the following composition: 10% NaCl in 0.05 
M phosphate., pH 5.9, conductivity 114 mS/cm. 2 itiL fractions 
were collected and analyzed for chymosin and. pepsin by RrlE 
10 according to the method described.-a±)Ove, and for conductiv- 
ity. The results are summarized below: 



I 
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Table 1.1. Separation of chymosin (Ch) and BpA by SE-53 
column chromatography 





Fraction 


Ch, 


CHU/mL 


BpA, CHU/mL 




4 


< 


0.5 


1.5 


5 


7 


< 


0.5 


1.5 




10 


< 


0.5 


1.3 




13 


< 


0.5 


1.1 




16 


< 


0.5 


1.4 




19 


< 


0.5 


1.5 


10 


22 


< 


0.5 






25 


< 


0.5 


1.5 




28 


< 


0.5 


1.4 




30 


< 


0.5 


0.1 




31 




0.16 




15 


32 


170 


0.4 



The SLbove results show that the selected chromatography 
separation procedure was effective with regard to separation 
of chymosin and bovine pepsin. 

EXAMPLE 2 

20 Comparison of different ion exchangers under different pH 

conditions in a laboratory- scale batch separation pro cedure 

The purpose of this experiment was to compare the effective- 
ness of different ion exchange resins in respect to sepa- 
ration of chymosin and BpA in a Iciboratory- scale batch pro- 
25 cedure, 

(i) selected pH conditions 

The pH conditions were selected on the basis of the 
isoelectric points of chymosin (about 4.8) and of BpA (< 2) . 
Further it was kept in mind that the chymosin in the extract 
3 0 which has only been exposed to pH 2 (without increasing the 
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pH) is not only present as chymosin, but also as pseudochymo- 
sin for which the isoelectric point is not known with cer- 
tainty^ but it is assumed to be higher than 4.9. 



(ii) ion exchange resins used 

5 The following Whatman® ion exchange resins/pH values were 
used: 



(i) Whatman® SE?53/2:5; 

(ii) Whatman® DE-53 (DEAE cellulose tertiary base 
anion exchanger) /2 . 5 ; 

10 (iii) Whatman® CM-52 (carboxymethylcellulose cation 

exchanger) /2 • 5 ; 

(iv) Whatman® DE-53/4^. 6; 

(v) Whatman® DE-52 (DEAE cellulose tertiary base 
anion exchanger/2 . 5 ; 

15 (vi) Whatman® DE-52/4.5. 



At pH 2.5 chymosin will be positively charged and Bp A will be 
neutral or slightly negatively charged. At pH 4,5 chymosin 
will be neutral or slightly positively charged and BpA nega- 
tively charged;^ 



2 0 ( iii ) buffers- used 



The f ollowing^buf f ers for pH^ 2;. 5 were used: (a) buffer A 
containing; 2.0 mM citric acid, . 0 .1%., (w/v) Na-benzoatie, pH 2 .5, 
conductivity 2.3 mS/cm, cuid (bl buf fer^ B- having theri foil owing 
composition: 10% (w/v) NaCl in 0.05 M phosphate, pH 5.9, 
25 conductivity 114 mS/cm, 

For pH 4.5, the following buffers were used;::L (c) buffer A 
containingv 0 .5% (w/v) Na-benzoate titrated to pH 4.5 and 
supplemented with NaCl to an electric conductance of 9 mS/cm, 
and (d) 10% (w/v) NaCl in buffer A, conductivity 112 mS/cm. 
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(iv) rennet: preparations used 

A portion of the pH 2 filtered rennet extract as used in 
Example 1 was dialysed overnight against buffer A, pH 2.5 to 
obtain a pH 2.5 rennet preparation having an electric con- 
5 ductance of 2.3 mS/cm. The pH 4.5 rennet preparation was 

prepared by increasing the pH of an aliquot of this prepara- 
tion to 4,5. The conductivity of this pH 4,5 rennet was 4,2 
mS/cm. Both of these rennet preparations contained 12 CHU/mL 
and the distribution of chymosin/BpA was about 91.2%/8,8%. 
10 Accordingly, each preparation had a total content of about 
383 CHU chymosin and 37 CHU BpA, i.e. a total content of 
enzymatic activity of 420 CHU. 

fv) procedure for batch separation procedure 

The procedure comprised the following steps: (a) 1.00 g of 
15 each ion exchange resin was weighed into a 50 mL conical 
centrifuge tube provided with a cap, (b) the resins were 
equilibrated with 40 mL of the respective buffer A, followed 
by centrif ugation and decanting, (c) the equilibration step 
was repeated, (d) 3 5 mL of rennet preparation was added to 
20 the respective ion exchange resins as outlined ,JLn . the .below 
table 2.1; the contents of the tubes were mixed by rotation 
for 20 minutes followed by centrif ugation and decanting 
(fraction A, table 2.1), (e) the bound enzyme was eluted with 
5.0 mL of the appropriate buffer B (fraction B, tcible 2.1), 
25 (f) the elution step (e) was repeated (fraction C) and final- 
ly (g) the fractions were analyzed for strength and enzyme 
composition. 

The results as summarized below in table 2.1 illustrate that 
among the tested ion exchange resins and pH values, the most 
30 effective separation is obtained with SE-53 at pH 2.5. DE-53 
functions effectively for the chymosin fraction (A) , but the 
corresponding BpA fraction (B) is not pure. Based on these 
results, SE-53 was selected for the following experiments. 
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EXAMPLE 3 

The influence of the conductivity on the efficiency of What- 
man® SE-53 in batch chromatography separation of rennet 
enzymes 

5 (i) rennet used 

The rennet starting material used was non- activated crude 
calf rennet extract prepared essentially as described in 
Example 4 below using tap water as the extraction medium. The 
rennet extract was activated at pH 2 and filtered at this pH 
10 value (batch PS-36) • A portion of the rennet was -desalted in 
order to test the effect of low ion strength as well. 

(ii) chromatocrraphy procedure 

(a) 0.71 g portions of SE-53 were equilibrated with 25 mL of 
buffer A, pH 2 . 5 , followed by titration to pH 2.5, 

15 centrifugation and decanting, 

(b) 25.0 Ml of the rennet was added and the mixture left to 
stand for 2 0 minutes, followed by centrifugation and decant- 
ing, 

(c) elution was carried out using 3.5 Ml of buffer B contain- 
20 ing 25% (w/v) NaCl in 0,05 M phosphate, Ph 6,1; the Ph was 

adjusted to 5.9 in the mixture and the ion exchange resin was 
separated by centrifugation. 

Th£ eluates from steps (b) and (c) were analyzed for 
strengths and it appears from the results summarized in ta±>le 
25 3.1, that the efficiency of SE-53 chromatography was not 

affected significantly at conductivity values in the range of 
2.3 to 27.5 Ms/cm, whereas at a value exceeding 30 Ms/cm the 
efficiency was reduced. 
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Table 3.1, The influence of :the conductivity (mS/cm) on the 
efficiency of Whatman®- SB, 53 cation exchanger 



Trial Eluate 



mS/crti' 



Not' bound 
activity , CHUs/mL 



25 mL desalted extract 



1) 



2.3 1,1 



B--- 12.. 5 mL of A + 12.5 mL,. 

of. C 



8.7 1.4 



10 



25 mL extract, non- 
desaltedi' 



12.5^^ 2:. 8 



25 mL of C + NaCl 



17,5 2.0 



E 



25 mL of C + NaCl 



22,5^ 2.4 



25 mL of C + NaCl 



27. 5T 2.8 



25 mL of C + NaCl 



33.0 5.2 



X5 1) Strength: 8.6 CHUs/mL'.;. pH 2.4 
2) Strength: 12 . 5 . CHUs/mL;, pH 2 :2:: 



example: 4 

The preparation of an ion- exchanged calf rennet in semi* 
industrial scale 

20": The purpose of this experiment was to prepare a high concen- 
trate chymosin preparation . 

1 . Extraction andr^activation step 

2500 calf stomachs, were extracted twice at about 8°C in water 
to obtain a total of about 8000 L. of crude extract following 
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separation of the press cake. These combined press liquors 
were subjected to an activation step by the addition of 
concentrated HCl to give a pH of 1.97. 

To 3000 L of the thus activated crude extract 1.7% (w/v) of 
5 perlite filtering material was added and this mixture was 
filtered by means of a frame filter. The resulting filtrate 
was adjusted to pH about 2,0. The filter cake was suspended 
in 310 L of water, pH readjusted to about 2,0, and the fil- 
tration step repeated to give a combined, filtered extract 
10 volume of 2890 L of which 834 L was used in the further 
processing* 



The filtrate had the following composition: 



Volume 
Condu c t i vi t y 
15 Enzymatic activity 

Total activity 
pH 

% activity from chymosin 



834 L 
11.4 mS/cm 
14.9 CHU per mD 
12.4 MCHU 

2 .06 
90 



2. Ion exchancre step A to separate chymosin and pepsin 



20 2 . 0 kg of Whatman® SE 53 which is a microgranular pre -swollen 
strong acid sulfoxyethyl cation exchanger was suspended in 
about 2 00 L of filtrate under agitation for about 2 0 minutes 
followed by separation of the ion exchanger by filtration. 
The filtrate (the first pepsin fraction) was collected. This 

25 fraction had the following composition: volume, about 200 L; 
enzymatic activity 2.2 CHU per mL. 

A first step of elution of chymosin bound to the separated 
ion exchanger was carried out by resuspending the ion 
exchanger in 20 L of 0.05 M NaH2P04 containing 10% (w/v) NaCl 
30 and at a pH adjusted to about 5.9 with 25% (w/v) ammonia 

water, under gentle stirring for about 10 minutes followed by 
filtration to obtain a first chymosin fraction having the 
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following composition: voliome, 20.2 L; weight 21.5 kg; gra- 
vity 1-064; enzymatic activity 12X. 8 CHU per itiLi. 

TKe separated aaid ellited ion exchanger was. resuspended in an 
other 200 L of the - aJbove f iltrate^ xinder agitation for about 
5 20 minutes followed by separation of the ion exchanger by 
filtration. The filtrate (the second pepsin fraction) was 
collected- This^ fraction had ther_ following cortqposition: 
volume, about 200 L; enzymatic activity 2r.-2_ CHU/mij . 

A second step of elution of chymosin bound to the separated 
10 ion exchanger was carried out by resuspending the ion 

exchanger in 40 L of 0.05' M NaH2P04 containing 10% (w/v) NaCl 
and at a pH adjusted to" about 5 • 9 with 25%^' (w/v) ammonia 
water, under gentle stirring for about S-^mihutes followed by 
filtration to obtain a second chymosin fraction having the 
xs following composition: Volime, 38.3 L; weight 40.8 kg; gra- 
vity 1-064; enzymatic activity 66.4 CHU per.>mlj. 

The above binding and elution steps were repeated twice 
essentially as described above, using at each elution step 30 
L of the above elution buffer to give a third and a fourth 
20 chymosin fraction and a third and a f ourthvpepsin fraction, 
respect ively. 

These chymosin f reactions had.lt he^f oil owing - coi^ 

Chymosin fraction 3 Chymosin fraction 4 

Volume 32,0 L 31.0:L 

25 Weight 34.0 kg 33.0 

Gravity 1.064 1.064 

Enzyme activity 8:773 CHU per. mLJ 90.1 CHU per mL 



The resulting third. and>*f6urth pepsin fractions had the 
following compositions: 
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Pepsin fraction 3 



Pepsin fraction 4 



Volume 



about 200 L 



about 2 00 L 



Enzyme 
activity 



2*28 CHU/mL 



2.28 CHU/mL 



5 The ion exchanger was finally washed by resuspension in 10 L 
of elution buffer and separated by filtration to give a 
washing licjuor having the following composition: Volume, 9.7 
L; weight 10.3 kg; gravity 1.064; enzymatic activity 15.2 CHU 
per mL. 

10 The above four chymosin fractions and the above 9,7 L of 

washing liquor were combined and analyzed to give the follow- 
ing composition: Total volume, 131.2 L; enzymatic activity 77 
CHUs/mL. 

Correspondingly, the four above pepsin fractions were com- 
15 bined to give the following composition: Weight 837 kg; 
volume 834 L; gravity 1.003 kg/L; enzymatic activity 2.2 
CHU/mL; total activity 1.83 MCHU. 

3. Salting of combined chymosin fractions 

The combined chymosin fractions were salted gently until 19 
20 °Be followed by the addition of 0.5% (w/v) Na-benzoate, and 
pH was adjusted to 5.6 to 5.7. 

4 . Filtration 

The above salted chymosin fractions were filtered using a 
two-step filtration step. First, about 1 w/v% of perlite 
25 filtering material was added to the solution and the mixture 
was transferred to a filtering nutsch. Secondly, the filtrate 
resulting from the first filtration step was filtered by 
means of a sterile- filter plate (Seitz EK) . 
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The combined EK- filtered chymosin eluates had the following 
compositions: volume, about^l40 L, enzymatic activity 
(strength) of -72n 8: CHU/mis:.. Thfeixtotal activity was 10.2 MCHU. 
Of the^total enzyinatic actiyity 9 8,4% was chymosin and^l.6% 
5 was pepsin aecordingi-tositheamodified Gamot procedure whereas 
only 0.16% was bovine pepsin according to the RIE method. 

Table 4.1. Calculations of yie=ld> %'MCHU relative to the 
enzymatic- activity -of the > crude extract- ; 

litres CHU/mL. MCHU Yield 

10 Starting material 800 14.9 11.9 100 



Chymosin eluates 131 77.0 10.1 BA.9 
EK-filtrates 140 72.8 10.2 85.7 
Pepsin fractions 800 2.2; 1.8 15.1 
15 ^ „ 

The enzymatic yield obtained in the EK- filtered chymosin 
fractions and the pepsin fractions relative to the starting 
material was 100-8%. 

EXAMPLE 5r 

20 The preparatiQn-^;bft: a high concentrate :'ibn^exchanae calf 
rennet-in semi- indu strial- scale 

The^^above procedure was repeated with 646 L of-/the crude 
extract filtrate + wash as described above, with the follow- 
ing exception:: 

25 . THTe^; cat ion-iexehanger; was^ suspended in about 3 ' x 20 0 L of 

crudenextraet filtrate + wash, fdllowed by elution with 3 x 
a±)OUt 1 L of elution buffer. Finally, the cation exchanger 
was washed with 3 x about 1 L of elution buffer. 
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Table 5.1, Calculations of vield. % MCHU 


J. L— JL V d 




enzvmatic activity 


of the crude 


extract 








litres 


CHU/mL 


MCHU 


Yield 


Starting material 


600 


14.6 


8.76 


100 


1. chymosin eluate 


1.050 


1295 


1,36 




2 . chymosin eluate 


1.235 


1665 


2.06 




3. chymosin eluate 


1,050 


1923 


^ • 




1 . wash 


1.075 


1181 


1.27 




2 . wash 


1.050 


234 


0.25 




3 . wash 


1.025 


26 


- 0.03 




Combined chymosin 


fractions 




6.99 


79 .8 


Pepsin fractions 


614 


2.7 


1.66 


18.9 



10 



15 The enzymatic yield obtained in the two fractions relative to 
the starting material was 9 9.7%. 

The concentrated product with a concentration of 1500 to 2000 
CHU/mL will be suitable for a subsequent production of a 
powdered rennet product . 



20 EXAMPLE 6 

The preparation of purified fractions of chymosin and bovine 
pepsin from aqueous extracts of calf stomachs 

An aqueous rennet extract of calf stomachs prepared essen- 
tially as described in Example 4 was activcited at pH 2 for 
25 one hour and centrifuged afterwards, also essentially as 
described in Example 4. The filtrate was adjusted to pH 2.0 
and subsequently assayed for milk clotting activity and 
enzyme composition according to the above analytical methods- 
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To a volume of 100 litres of this primary filtrate was added 
1-0 ^a^of Whatman® SE 53 ion exchanger • The enzymes present 
in the^^f iltrafee* was allowed^s^to adsorb to the ion exchanger 
for about 20 minutes under gentle stirring after which the 
5 ion exchanger was separated from- the ion exchanger -filtrate 
mixture:^by means of a f iltration step according to the method . 
as defined in Example 4. The separated ion exchange material 
was wasKed with 2 litres of de-ionized*. water at pH 2.0. 

The above.' secondary fiirltrate, assumingly containing the 
10 bovine pepsin was collected and the pH was adjusted to 6.0 
with sodium hydroxide solution 

The separated ion exchanger was«^eluted wi'th 20 litres*? of 
elution buffer A (10% (w/v) NaCl, 50 mM sodium phosphate 
buffer at pH 5.9) for 10 minutes under gentle stirring. 
15 Following this elution, the ion exchanger was filtered off 
and the filtrate assxuningly containing the- chymosin- fraction 
of the starting aqueous extract, was collected. 

The ion exchanger was now mixed with a further volvune of 100 
litres of the above, primary filtrate, separated from the 

20 mixture and eluted in the same manner as described above. In 
this manner the ionu exchanger was contacted a , total of 6 
times with volumes of 100 litreSr..of:. primary; f iltrate, respec- 
tively. For . the last 3 .elution^sisepav a.^little change in 
elution volxjme^iwas made Ins teadt;;of £ ZOl litr^esv of „ elution 

25 buffer A only 10 litres were used. to eluteethe^enzymes from 
the separated ion exchanger. Following thea^repeated contacts, 
the ion exchange material was washed twice with. 2 litres of 
elution buffer A for 10 minutes. The six chymosin fractions 
including the.- washing fractions were mixed. The fractions 

30^, were assayedt:^ for milk, clotting activity ctnd enzyme composi- 
tion. The results '^from'*tH±s^cat ion exchange process are 
summarized in Table 6il bei-ows^f 



Following each of the above repeated cation exchange con- 
tacts, secondary filtrates assumingly containing the pepsin 
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fraction were obtained as described above. Anion exchange 
processing was now performed on each of these filtrates in 
the following manner: to each voliome of 84 litres of secon- 
dary filtrate was added 0.75 kg Whatman® DE 53 anion 
5 exchanger to give a secondary filtrate -anion exchanger mix- 
ture, and the pepsin was allowed to adsorb to the ion 
exchanger for 2 0 minutes under gentle stirring after which 
the ion exchanger was separated from the mixture by means of 
filtration essentially as described in Example 4 to give a 

10 waste filtrate fraction. The separated ion exchanger was 

washed with 2 litres of deionized water at pH 6,0, The waste 
fraction i,e. the above filtrate resulting from the above 
separation, was assayed for milk clotting activity. The ion 
exchanger was eluted with 5 litres of elution buffer B (10% 

15 w/v NaCl, 50 mM sodium phosphate buffer at pH 5,5) for 10 

minutes under gentle stirring. Following the elution, the ion 
exchanger was filtered off and the purified bovine pepsin- 
containing filtrate was collected. 

The ion exchanger was then mixed with a further volume of 84 
20 litres of the above secondary filtrate, separated from the 
mixture and eluted in the same manner as described above. In 
this manner, the ion exchanger was contacted a total of 7 
times with 84 litres of secondary filtrate, respectively . 
Following the repeated contacts, the ion exchange material 
25 was washed once with 2 litres of elution buffer B for 10 

minutes. The seven pepsin- containing fractions including the 
washing fraction were mixed and the combined fraction was 
assayed for milk clotting activity and enzyme composition 
according to the above analytical methods. The results from 
3 0 this anion exchange process are summarized in the below Table 
6.1, 

To the resulting combined eluted chymosin and bovine pepsin 
solutions NaCl was added to 18 °B for commercial food grade 
liquid rennets or for further downstream processing use. 
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Table 6.1. Milk clotitina activity of parbiallv Purified 
extract of calf stomachs (starting material), eluates from 
cation^exchanae~(chvmoslnr fraction) . eluates from anion 
exchange (isolajged- bovine^ pepsin fraction) and waste fraction 
5 from^ anion exchange 



Ion 

exchanger- 


Description 


Volume. 


Milk 

clotting-* 
activity. 


Total. 

enzyme^^ 

content^' 


Enzyme 
coxxiposi - 
tion 


Yield 






1 


CHa/ml 


MCHU'^ 


% chymosin 


% 




Starting 
material 


590 


10.7 


6.313. 


85 


100 


Cation 
exchange 


Chymosin 
fraction 


91 


55.5 


5.05- 


100 


80 


Anion 
exchange 


Isolated 
bovine 
pepsin frac- 
tion 


37 


31.2 


1.15 


39 


18 




Waste frac- 
tion 


580 


0.1 


0.06 




1 



1 1 MCHU = 1,000,0,00 CHU 



The enzymatlc:^yield obtained in the combined^chyiriosin^ frac- 
tion, the confined bovine pepsin f rac tion" andi the waste 
fraction rela.t^ive to the starting material waS:^99% 



IJ 
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EXAMPLE 7 

Improvement of the stability of rennet compositions by the 
addition of stabilizing agents 

a. The effect of an oxidizing agent on the milk clotting 
5 activity of rennets with different contents of impurities 

Selected rennet compositions were subjected to an oxidation 
treatment comprising diluting the compositions to a strength 
of 4 CHUs/mL in distilled water (reference dilution) and in 
distilled water containing 20 ppm of chloramine T. The dilu- 
10 tions were left at room temperature for 60 minutes before 
measuring the milk clotting activity of each dilution. The 
residual activity was calculated for the chloramine- contain- 
ing solution relative to the activity of the reference dilu- 
tion* The selected rennet compositions included a non- 
15 purified rennet composition prepared by a conventional ex- 
traction method according to a procedure as described above 
(bovine rennet, Chr. Hansen's Laboratorium) , a partially 
purified (precipitated) calf rennet composition (P-99, Boll,, 
France) and a fermentation produced chymosin (FPC) product 
20 expressed in an Aspercrlllus sp, (Chr. Hansen's -LaJDora-toriiam) 
No stabilizing agents were added to any of these three pro- 
duct samples. The results are summarized in Table 7.1, 

Table 7.1. Residual milk clotting activity of bovine rennet, 
partially purified calf reimet and fermentation produced 
25 chymosin (%) 



Bovine rennet 



97 



Calf rennet, P-99 



55 



FPC 



10 



These results clearly illustrate that rennets having a 
30 reduced or a low content of impurities are susceptible to 
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oxidizing agents and that their milk clotting activity is 
drastically impaired by contact with such agents. 

b-r The ef f iect . of . selected^compounds!. onf the stability of 
purified rennet compositions 

5 A FPC rennet composition expressed in an Aspergillus sp- was 
subjected to"" the above contaet« with chloramine with and 
without addition of a. cpmground toibe tested for possible 
protecting: effect against:! the^destabilizing effect of the 
chloramine. The results^are summarized in Table 7.2: 

10 Table 7.2, The milk clottiiia; act ivxtv s tabilizing effect of 
selected compounds 

Compound added Residual activity (%) 





None 


14 




2% sodium citrate 


15 


15 


2% casamino acids 


84 




0.5% tryptophan 


27 




0 ; 5% phenylalanine 


44 




0,5% tyrosine. 


14 




0 .-5,%. L-met^hionine 


99- 


20 


1 %:whey_ protein: 


53:: 




1% bovinessaiLbumin'"" 


29:^ 




2 % s odium':ras corbatea 






2% casein peptone 






0.5% cysteic acid 


98- 


25" 


0.25% DL methionine 


97 




0.25% L-methionine 


98 



The tested"^: rennet composition was^ fermentation produced 
chymosin^containing.: about" 10,0 ICHUj^mlj . 



wo 95/29999 



PCT;DK95/00171 



52 

EXAMPLE 8 

The effect of methionine as a stabilizing agent to retain the 
milk clotting activity of rennet compositions contacted with 
oxidizing agents 

5 In this experiment a chymosin- containing eluate (a partially 
purified rennet composition) from Example 4 was contacted 
with chloramine T as described in Example 7, with and without 
the presence of methionine. The initial and residual milk 
clotting activity was determined according to the method as 
10 defined above. The results are summarized in Taible 8.1: 

Table 8.1. The stabilizing effect of methionine on the milk 
clotting activity in a! partially purified (ion exchanged! 
rennet composition contacted with 20 ppm chloramine T 

Methionine, wt% - Residual activity, % 



0.0 


55 


0.023 


87 


0.045 


90 


0.050 


95 


0.057 


95 


0.068 


97 


0-091 


100 


0.102 


99 


0.170 


100 


0 .283 


96 


0.566 


99 



These results illustrate that a partially purified rennet 
composition prepared by the cation exchange process as 
described herein can be effectively stabilized against the 
destabilizing effect of a strong oxidizing agent such as 
30 chloramine T by the addition of small amounts of methionine. 
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EXAMPLE 9 

Preparation-^ofr^purified^ fractions of chvmosin and bovine 
pepsin from aoueous extracts of calf stomachsj 

An aqueous rennet extract of calf stomachs was activated at 
5 pH 2 for one hour and^subseguently filtered. The filtrate was 
adjusted to pH 2.0 and assayed* for milk clotting activity and 
enzyme compj3sition*L according t'o\ the above^analyjtical methods. 
The conductivity was measured to.be 23.61inS/cm: To a volume 
of 500 mL of this primary filtrate 10 g of Whatman® SE 53 
10 cation exchanger was added. Adsorption of enzymes to the ion 
exchanger was performed. for 20 minutes under . gentle stirring 
after which the ion exchanger was separat'ed -f rom the- ion 
exchanger- filtrate mixture by a filtration. step . 

The resulting secondary filtrate, assximingly containing the 
15 bovine pepsin was collected and the pH was adjusted to 6.0 
with sodium hydroxide solution. The filtrate was assayed for 
milk clotting activity. 

The ion exchanger was now mixed with a further volume of 5 00 
mL of the above primary filtrate, adsorption wassail owed to 
2 0 take place for 20 minutes and the ion exchangeyrrwas^ finally 
separated" f romr the'5!^mixture in the , same;;;manner; as;^ described 
above. 

The. separated: ionr exchanger was then eluted, with 60 mL of 
elution buffer A;;. [10% (w/v) NaCl, 50 mM sodiumrphosphate 

25 bufferrat pH 5.9] for 10 minutes under gentle stirring. 

Following this elution, the ion exchanger was filtered off 
and the^ f iltrafeer^ assumingly containing the chymosin fraction 
of the^ starting ' aqueous^extract, was collected. The filtra- 
tion was followed by a: short rinse of the ion exchanger on 

30 the*filter with 10 mL of^elution^.buf f errA. 69 mL chymosin- 
containing fraction was collected. The ion exchanger was 
washed once. with 60 mL of elution buffer. A for 10 minutes . 
The fractions were assayed for milk clotting activity- The 
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results from this cation exchange process are summarized in 
Table 9.1 below. 

Following the repeated cation exchange contacts, secondary 
filtrates assxxmingly containing the pepsin fraction were 
5 collected as described above, A volume of 100 mL was taken 
out for analytical use. Anion exchange processing was now 
performed on both of these filtrates in the following manner: 
to the first 45 0 mL of secondary filtrate was added 10 g 
Whatman® DE 53 anion exchanger to give a secondary filtrate- 
10 anion exchanger mixture, and the pepsin was allowed to adsorb 
to the ion exchanger for 2 0 minutes under gentle stirring 
after which the ion exchanger was separated ^rom the mixture 
by a filtration step as described above to give a waste 
filtrate fraction. 

15 The ion exchanger was then mixed with a further volume of 450 
mL of the above secondary filtrate, adsorption was allowed to 
take place for 20 minutes and the ion exchanger was finally 
separated from the mixture in the same manner as described 
above. The two waste fractions were collected, and .assayed for 

20 milk clotting activity - 

The separated ion exchanger was then eluted with 110 mL of 
elution buffer B [10% (w/v) NaCl, 5 0 mM sodium phosphate 
buffer at pH 5.5] for 10 minutes under gentle stirring. 
Following the elution, the ion exchanger was filtered off and 

25 the purified bovine pepsin- containing filtrate was collected. 
The filtration was followed by a short rinse of the ion 
exchanger on the filter with 10 mL of elution buffer B, 12 0 
mL of pepsin- containing fraction were collected. The ion 
exchanger was washed once with 60 mL of elution buffer B for 

30 10 minutes. The fractions were assayed for milk clotting 

activity. The isolated bovine pepsin fraction was also tested 
for enzyme composition. The results of this anion exchange 
process are summarized in Ta±>le 9.1 below. 
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Table 9.1. Milk clotting activity of partially purified 
extract of calf - stomachs (starting master ial) . eluates ^from 
cation exchange (chYmosin-^f ract'ion-) . eluates from anion 
exchange (isolated .bovine pepsin fractionL and'sLwaste fraction 
5 from anion exchange . 



Ion 

exchange 


Description 


Volume 


Milk 

clottingr 
activity^ 


Total 

enzyine?* 
content*^ 


Enzyme 
composi - 
tion^ 


Yield 








CHU/tnl^ 


CHUr 


% chymosin 


% 




Starting ma- 
terial 


1000 


10.5 


10,500 


74 


100 


Cation 
exchange 


Chymosin 
fraction 


69 


100.0 


6,900 




66 




Wash of SE 53 


59 


7.7 


454 - 




4 




Secondary 
filtrates^ 


1000 


2 .9 


2, 900 






Anion 
exchange 


Isolated bo- 
vine 

pepsin frac- 
tion 


120 


24 .9 . 


2, 9 88_ 


< 5 


29 




Wash of DE 53 


58 


2.1 


122 




1 




Waste frac- 
tions 


900 


0,1 


90 




1 



100 mL of the 1000 mL., secondary f 1^1 trate^was.1: taken out^f or 
analytical purposes corresponding tor 3 V of irtlre^yield ; 

.The enzymatic . yieldt.obta-ined. in the chymbsinr f ract'ions, the 
pepsin-i^f ractions andiithe waste^-f ractionssreiativeeto^^the 
starting material^ wassfel03% including the :litfie£. portion for 
anaiysis . 

5 EXAMPLE?: 10 

Preparat±onT:"of- purified fractions of chymosin and bovine 
pepsin from"^ aqueous extracts of bovine stomachs 

An:;: aqueous^ rennet extract of. bovine stomachs was activated at 
pH^2 for, one .hour and filtered. The filtrate was adjusted to 



wo 95/29999 



PCT/DK95/00171 



56 

pH 2.0 and subsequently assayed for milk clotting activity 
and enzyme composition according to the above analytical 
methods. The conductivity was measured to be 11.1 mS/cm. To a 
volume of 2500 mL of this primary filtrate 75 g of Whatman® 
5 SE 53 cation exchanger was added. Adsorption of enzymes to 
the ion exchanger was performed for 2 0 minutes under gentle 
stirring after which the ion exchanger was separated from the 
ion exchanger- filtrate mixture by a filtration step. 

The above secondary filtrate, assumingly containing the 
10 bovine pepsin was collected and the pH was adjusted to 6.0 
with sodium hydroxide solution. The filtrate was assayed for 
milk clotting activity. 

The separated ion exchanger was mixed with a further volume 
of 2500 mL of the above primary filtrate, adsorption was 
15 allowed to take place for 20 minutes and the ion exchanger 
was finally separated from the mixture in the same manner as 
described above. 

The separated ion exchanger was then eluted with 245 mL of 
elution buffer A [10% (w/v) NaCl, 50 mM sodium phosphate 

2 0 buffer at pH 5.9] for 10 minutes under gentle stirring. 

Following this elution, the ion exchanger was filtered off 
and the filtrate assumingly containing the chymosin fraction 
of the starting aqueous extract, was collected. The filtra- 
tion was followed by a short rinse of the ion exchanger on 

25 the filter with 25 mL of elution buffer A. 270 ml chymosin 
fraction was collected. The ion exchanger was washed once 
with 270 mL of elution buffer A for 10 minutes. The fractions 
were assayed for milk clotting activity. The chymosin frac- 
tion was also tested for enzyme composition. The results from 

30 this cation exchange process are summarized in Table 10.1 
below. 



Following the repeated cation exchange contacts, secondary 
filtrates assximingly containing the pepsin fraction were 
collected as described above. A volume of 175 mL was taken 
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out for analytical use. Anion exchange processing was now 
performed on both of these filtrates in the following manner: 
torthe first 2400 mL of secondary filtrate 75 g: WHatman® DE 
53 anion exchanger was added to give a secondary filtrate - 
5 anion exchanger mixture, and the pepsin was allowed^'^to adsorb 
to the ion exchanger for 20 minutes under gentle stirring 
after which the ion exchanger was separated from the mixture 
by a filtration .step:.:as.r described in Example 9 to give a 
waste filtrate fractionr. 

10 The ion exchanger was then mixed with a further volume of 
2400 mL of the above secondary filtrate, adsorption. .was 
allowed to occur f or „20 minutes and the .ionv:exchanger:.was 
finally separated from the mixture in the- same manner as^ 
described in Example 9. The two waste f ractions^were col- 

15 lected and assayed for milk clotting activity. 

The separated ion exchanger was eluted with 225 mL of elution 
buffer B [10% (w/v) NaCl , 50 mM sodium phosphate buffer at pH 
5.5] for 10 minutes under gentle stirring. Following the 
elution, the ion exchanger was filtered off and the purified 

20 bovine pepsin- containing filtrate was collected. The filtra- 
tion was followed by a short rinse of the ion -exchanger T,on 
the filter with. 25 mL of elutionrbuf f eriB:.' 245:2. mL ofi. pepsin- 
containing- fraction were collected. The^ion-siexGhangerrwas; 
washed twirce wi^th 2 60 mL of^elution buffer^B for 10 minutes. 

25 The. fractipnsftwere assayed for milk clottings act ivityr*^^ The 
isolated bovine^ peps in- containing fraction-^ was' also tested 
forr enzyme composition. The results from thisidanion exchange 
process are summarized in Table 10.1 below. 
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Table 10.1. Milk clotting activity of a partially purified 
extract of bovine stomachs (starting material) . eluates from 
cation exchange (chymosin fraction) . eluates from anion 
exchange (isolated bovine pepsin fraction) and waste fraction 
5 from anion exchange 



Ion 

exchange 


Description 


Volume 


Milk 
clotting 
activity 


Total 

enzyme 

content 


Enzyme 
compos i - 
tion 


Yield 






ml 


CHU/ml 


CHU 


% chymosin 


% 




Starting ma- 
terial 


5000 


4.9 


24,500 


< 24 


100 


Cation 
exchange 


Chymosin 
fraction 


270 


7.9 


2,133 


83 


9 




Wash of SE 53 


265 


0.2 


53 




0 




Secondary 
filtrates' 


4985 


4.3 


21,436 






Anion 
exchange 


Isolated bo- 
vine 

pepsin frac- 
tion 


245 


79 .4 


19,453 


< 2 


79 




1st wash of 
DE 53 


260 


12 .4 


3,224 




13 




2hd wash of 
DE 53 


260 


1.7 


442 




2 




Waste frac- 
tions 


4835 


0.1 


464 




2 



^ 175 mL of the 4985 mL secondary filtrate was taken out for 
analytical purposes corresponding to 3% of the yield 



The total enzyme yield obtained in the chymosin fractions, 
the pepsin fractions and the waste fractions relative to the 
starting material was 108% including the little portion for 
analysis. 
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EXAMPLE 11 

pK-prof ile-.f or^.the-.adaorp.tion»i3t^ep of the cation exchange 
process 

An aqueous rennet extract of calf stomachs was activ3.ted at 
5 pH 2 for one hour and filtered. The filtrate was adjusted to 
pH%2.0 and sutoseguenitly assayed for milk clotting activity 
and en^zyme , composition.. according to the^abovre analytical 
methodsi^. TKe^mi^lk clotting^activity wasr measured to be 11,8 
CHU/ml and the filtrate was found to contain 74% chymosin. 

10 The conductivity was measured to be 14.5 mS/cm. To a volxune 
of 400 mL of this primary filtrate 4 g of. .Whatman® SE 53 
cation exchanger was added^ Adsorption:* of ^enzymes to the ion 
exchanger allowed to take place for 20 minut'es at 10 diffe- 
rent pH values ranging from 0.5 to 5.0 (at intervals of 0.5) 

15 under gentle stirring. These pH values were . obtained by the 
addition of either diluted HCl or dilutedtrNa^OH which resulted 
in a higher volume of the mixture than 40 O^mL. The ion 
exchanger was then separated f rom^ the ion-^ exchanger- filtrate 
mixture by filtration, 

20 The above secondary filtrates f rom .each^of^these 10 experi- 
ments, assumingly containing thef?:bovine£^pep^dn. were collected 
and assayed for milk clotting activity. 

The sepa rat ed^iom exchange ma-feier ials^f rom tthe abbve*^ experi - 
ments were each eluted with 40 mL of elution buffer A for 10 

25 minutes under gentle stirring. Foil owing 'this elution, the 
ion exchanger was filtered off and the filtrate assumingly 
containing the chymosin fraction of the starting acjueous 
extract, was^collected. All of the chymosin fractions were 
assayed for-mrlk clotting activity. The results from this 

3 0^ cation exchanger^ study are^- summarized in Table 11.1 below* 
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Table 11,1, Milk cl otting activity of partially purified 
extract of calf stomachs (starting matzerial) . eluates from 
cation exchange (chymosin fraction) and secondary filtrates 
(bovine pepsin fraction) for different pH values during the 
5 adsorption step 



pH at 

adsorp 

tion 


Chymosin 
fraction 


Kilk 
clotting 
activi ty 


Yield in 
chymosin 
fraction 


Secon- 
dary 
filtrate 


Hilk 
clot- 
ting 
acti- 
vity 


Yield 
in 

secon- 
dary 
f il - 
trate 


Total 
yield ^ 

1 1 

fi 




ml 


CHD/ml 


% 


ml 


CHD/ml 


% 




0.5 


39 


3.7 


3.1 


450 


7.8 


74 ,4 


78 i 


1.0 


37 


78.5 


61.5 


445 


3.6 


33.9 


95 


1.5 


3B 


90.0 


72 .5 


410 


2.1 


18.2 


91 [: 


2.0 


36 


99-0 


75 .5 


400 


3 .0 


25.4 


101 


2.5 


3B 


87 .6 


70 .5 


400 


3.1 


26.3 


97 


3.0 


32 


98 .0 


66 .4 


385 


3.2 


26-1 


93 


3.5 


47 


66 .0 


65,7 


395 


4 .0 


33 ,5 


99 


4.0 


36 


25 .3 


19.3 


399 


10.3 


87 .1 


106 


4.5 


39 


1.9 


1.6 


400 


12.4 


105.1 


107 


5.0 


37 


0.5 


0.4 


410 


12-5 


108.6 


109 p 



The above results show that the optimal pH for adsorption 
(binding) of chymosin is about 2,0 since the chymosin frac- 
tion assumingly containing almost pure chymosin has the 
highest milk clotting activity with 75.5% yield in the eluate 
5 and a total yield of 101% 
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CLAIMS 

1 . A process of^separating miikl- clotting aspartic endopept i - 
dases ~present*^in*^an"^extract of ^ animal stomach tissue, com- 
prising: the steps of 

5 (i) preparing, an aqueous extract of animal stomach tissue 

that, contains^ th'ie^^aspartic endopept idases, chymosin and 
peps in 7:: and/.brrrtheir:^pro-enzymes7. to obtain a one -phase, 
crude and particulate matter- containing^" extract cort^ris- 
ing said endopeptidases, 

10 (ii) adjusting the pH in the ^extract i to^a^^ value where the 

pro- enzymes are converted into-active^^endopeptidases , and 
keeping the extract at this pH until essentially all of 
the pro- enzymes are activated, 

(iii) separating particulate matter-^from" the extract 

15 resulting from step (ii) to obtain a one -phase, partially 

purified aqueous extract containing the milk clotting 
endopeptidases essentially in their active forms, 

(iv) mixing ,^the partially purified.;.extract of .step . (iii) 
with an ion exchahge'^res±n^under«;'Conditions^wh^ 

20 chymosin and .:.chymo"sin_pres en t.l.dnxthe-Le3y^^ isc bound to. 

theT-resin.7<^ 

(v) separating the mixture of (iv) into the ion exchange 
resin with chymosin and pseudochymosin bound thereto^and 
an extract fraction containing substantially all of the 

25 pepsin also present in the partially purified extract 

resulting from step (iii) , 

(vi) recovering, under . conditions- wher:e essentially all 
pseudochymosin is converted into chymosin,. the chymosin 
and pseudochymosin from the ion exchange resin into an 

30 aqueous medium to obtain a solution containing substan- 

tially all of: the chymosin and pseudochymosin present in 
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the partially purified extract resulting from step (iii) 
as chymosin, 

2, A process according to claim 1 wherein pH is adjusted in 
step (ii) to a value which is in the range of 0*5 to 5.0. 

5 3. A process according to claim 2 wherein the pH is adjusted 
to a value which is in the range of 1.0 to 3.0, 

4. A process according to claim 3 wherein the pH is adjusted 
to a value which is in the range of 1.5 to 2.5. 

5 • A process according to claim 1 wherein particulate matter 
10 is separated in step (iii) by filtration or centrifugation. 

6 . A process according to claim 1 wherein the ion exchange 
resin is a strong ion exchange resin having an essentially 
constant charge within a pH range of 1 to 13 , 

7 . A process according to claim 6 wherein the ion exchange 
15 resin has a high binding strength. 

8. A process according to claim 7 wherein the ion exchajige 
resin is a sulfoxyethyl (SE) ion exchanger. 

9 - A process according to claim 8 wherein the ion exchange 
resin is Whatman® SE 53 cation exchanger. 

20 10. A process according to claim 1 wherein the weight ratio 
between the ion exchange resin and the extract being con- 
tacted therewith is in the range of 0.1:100 to 10:100. 

11, A process according to claim 10 wherein the weight ratio 
between the ion exchange resin and the extract being con- 
25 tacted therewith is in the range of 0.5:100 to 5:100. 
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12. A process according to claim 1 wherein the partially 
purif ied extract resulting^f rom step. (iii>) has. a conductivity 
which is in the range- of 1 fiS:/cixc to 3 0, mS/cniT 

13. A process ^according to claAm 12 wherein the conductivity 
5 is in the range of 1 to 20 mS/cm. 

14. A proceiss- accordi^ng to* c±a4m*-l wherein a chymosin staiDi- 
li zing agent*" is addeW to the crude or the- partially purified 
acpieous extract or to ; the chyiaosin- containing -preparation. 

15. A process according to claim 14 wherein the stabilizing 
10 agent added is methionine. 

16. A process according to claim 1 wherein the amount of 
chymosin activity in the resulting chymes in- containing prepa- 
ration is increased relative to the crude extract resulting 
from step (ii) by a factor which is in the range of 2 to 

15 10000. 

17. A process according to claim 1 which comprises as a 
further step removal of water from the chymosin- containing 
solution resulting-i f rom step: (vi) to obtain^, a chymosin -con- 
taining preparation which is^atf leas tr:pa?rtially dehydrated. 

20 18. A process ;^aGCord±ng'' to::.cla-im 17 wheEeinr the^partial 

dehydration' is- obtainedcby^uLtraf iltration^^of thies. chymosin- 
containing preparation" resulting in a retentate containing 
substantially all of the=. chymosin. 

19 . A process according to claim 18 which comprises the 
25 further step of drying the^ ret entate to obtain a rennet 

powder . 

20. A process according to claim 19 wherein a carrier sub- 
stance is added to the retentate prior to drying. 
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21. A process according to claim 19 or 2 0 wherein the result- 
ing rennet powder has a strength of at least 100 CHU per g. 

22. A process according to claim 21 wherein the resulting 
rennet powder has a strength of at least 200 CHU per g. 

5 23. A process according to claim 22 wherein the resulting 
rennet powder has a strength of at least 500 CHU per g. 

24. A process according to claim 23 wherein the resulting 
rennet powder has a strength of at least 800 CHU per g. 

25. A process according to claim 24 wherein-the resulting 
10 rennet powder has a strength of at least 1000 CHU per g. 

26. A process according to claim 1 wherein at least 90% of 
the milk clotting activity present in the solution resulting 
from step (vi) is chymosin activity. 

27. A process according to claim 26 wherein at least 95% of 
15 the milk clotting activity is chymosin activity. 

28. A process according to claim 1 which comprises the fur- 
ther step of contacting the pepsin- containing extract frac- 
tion resulting from step (v) with an ion exchange resin under 
conditions where substantially all of the pepsin is bound to 

20 the resin, and recovering the pepsin from the resin into an 
amount of a liquid medium which is less than the amount of 
extract fraction applied to the resin. 

29- A process according to claim 16 or 18 which further 
comprises the addition of usual rennet additives to obtain a 
25 lic[uid concentrated rennet composition having a strength of 
at least 50 CHUs/mL, preferably at least 100 CHUs/mL, more 
preferably at least 200 CHUs/mL. 
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30. A liqpiid rennet composition in which at least 90% of the 
milk clotting activity is from chymosin, comprising a 
chymosin stabilizing agent . 

31. A composition.according to claimr30 which- retains at 

5 least 50% of its milk clotting activity when the composition 
is diluted in distilled water containing 2 0 ppm of chloramine 
T to an--activity^of 4 CHUs/mli andr kept herein at room tem- 
perature for about 60 minutes . 

32. A composition according to claim 31 wherein at least 75% 
10 of the activity is retained. 

33. A composition according to claim 32Twherein at least 90% 
of the activity is retained. 

34. A composition according to claim 3 0 wherein the stabili- 
zing agent is selected from the group consisting^ of a pro- 

15 tein, a peptide, an cimino acid and ascorbic acid. 

35. A composition according to claim 34 wherein the stabili- 
zing agent is methionine. 

36. A compos ition-^according. to: claim...3.5L';wh±ch^ contains 
methionine.- in:ianr:amdunt„which^.is. in the-^^^range^ofilO . 01 to 2 

20 wt%. 

37": A cortposition'^aecording to^ claim 30' which' has a milk 
clotting activity of?at least 20 CHUs/mL, preferably at least 
5 0 CHUs/mL, more pref erably at least 100 CHUs/mlj and,* in 
particular at least 200 CHUs/mL. 

2:5S;3 8. A cortposition according to.-::claim 3 0 wherein the chymosin 
is derived from a mammals stomach tissue . 

39. A compositions according to.claim 3 0 wherein the chymosin 
is a fermentation produced chymosin expressed by a microbial 
cell. 
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40. A powdered rennet composition in which at least 90% of 
the milk clotting activity is from chymosin, comprising a 
chymosin stabilizing agent. 

41. A composition according to claim 40 which retains at 

5 least 50% of its milk clotting activity when the composition 
is diluted in distilled water containing 20 ppm of chloramine 
T to an activity of 4 CHUs/mL and kept herein at room tem- 
perature for about 60 minutes . 

42. A composition according to claim 41 wherein at least 75% 
10 of the activity is retained. 

43. A composition according to claim 40 wherein at least 90% 
of the activity is retained. 

44. A composition according to claim 40 wherein the stabili- 
zing agent is selected from the group consisting of a pro- 

15 tein, a peptide, an amino acid and ascorbic acid. 

45- A composition according to claim 44 wherein the stabili- 
zing agent is methionine - 

46. A composition according to claim 45 which contains 
methionine in an amount which is in the range of 0.01 to 2 

2 0 wt%. 

47. A composition according to claim 40 which has a milk 
clotting activity of at least 100 CHUs/g, preferably at least 
200 CHUs/g, more preferably at least 500 CHUs/g, most prefer- 
ably at least 800 CHUs/g, and in particular at least 1000 

25 CHUs/g. 



48. A composition according to claim 40 which further com- 
prises a carrier substance. 
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